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PREFACE. 


nnHE  present  Handbook  is  issued  in  falfilment  of  a 
promise  made  in  the  preface  to  the  Treatise  on 
Modern  Horology^  and  but  little  explanation  is  needed  as 
to  the  general  scope  of  the  work 

A  glance  at  the  Table  of  Contents  will  show  that  the 
information  given  is  essentially  practical  in  its  character, 
and  such  as  will  be  of  use  to  the  watchmaker  in  Ms  daily 
work.  The  volume  is  thus  in  no  sense  an  abridgment  of 
the  Treatise  on  Modern  Horology,  but  may  rather  be 
considered  as  a  companion  to  that  work,  neither  being 
complete  without  the  other. 

M.  Saunier's  writings  occupy  a  unique  position  on  the 
Continent  as  works  of  reference  for  all  who  are  engaged  in 
watchmaking,  and  it  may  not  be  out  of  place  to  observe 
that  the  English  Edition  of  his  Treatise,  which  we  com- 
pleted in  the  early  part  of  the  year  1880,  promises  to  take 
a  similar  place  among  English-speaking  communities ;  it 
has  already  been  awarded  a  Diploma  of  Merit  at  Melbourne 
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(1880),  and  a  Gold  Medal  at  Paris  (1881),  on  account  of 
"  services  rendered  to  the  cause  of  Horology." 

In  recent  years  the  work  of  the  ordinary  watch-jobber 
and  repairer  has  undergone  considerable  change.  The 
apprenticeship  he  serves,  if  indeed  it  can  be  called  a  real 
apprenticeship,  is  shorter  than  formerly.  The  immense 
number  of  badly  constructed  watches  that  he  is  called  upon 
to  put  in  going  order  for  a  trifling  remuneration,  compels 
him  to  replace  the  older  methods  of  procedure  by  others, 
whenever  by  so  doing  time  can  be  saved.  From  his  point 
of  view,  then,  the  value  of  the  present  Hand-book  can  hardly 
be  over-estimated,  since  it  contains,  in  a  readily  accessible 
form,  many  details  as  to  the  working  of  metals,  and  descrip- 
tions of  various  practical  operations,  new  and  improved 
forms  of  tools,  &c.,  never  before  published  in  this  country. 

But  the  volume  will  be  found  of  daily  use  to  a  wider 
circle  of  workers  than  those  above  referred  to.  We  believe 
that  there  is  hardly  a  branch  of  the  watchmaking  trade 
which  may  not  benefit  by  the  numerous  practical  details 
that  are  given ;  indeed,  although  the  work  is  specially 
designed  for  the  use  of  watchmakers,  a  .great  portion  of  it 
will  ke  seen  to  be  no  less  applicable  to  other  mechanical 
arts. 

M.  Saunier's  original  works,  the  Ouide-Mamiel  de 
VHorloger,  and  the  Recueil  des  Procedes  praiiqms,  which 
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appeared  as  separate  volumes,  have  been  incorporated  in 
this  English  Edition,  a  large  amount  of  additional  informa- 
tion being  at  the  same  time  added.  As  the  second  con- 
tained many  details  that  more  properly  belonged  to  the 
first,  and  vice  versa,  it  has  been  thought  desirable  to  re- 
model the  whole,  and,  as  will  be  seen  from  the  Table  of 
Contents,  the  six  parts  that  constitute  the  work  are  distinct 
in  their  character.  The  slight  inconvenience  thus  caused 
owing  to  irregularity  in  the  references  to  the  engravings 
will,  it  is  hoped,  be  neutralized  by  the  Key  to  the  Plates 
(pp.  481 — 2),  by  means  of  which  the  letterpress  relating  to 
each  figure  can  be  at  once  found. 

With  a  view  to  further  facilitate  the  use  of  this  Hand- 
book as  a  work  of  daily  reference,  an  unusually  full  index  has 
been  added,  which  the  reader  is  recommended  in  all  cases 
to  consult,  and  no  effort  has  been  spared  to  make  the  cross 
references  in  the  body  of  the  work  as  complete  as  possible: 

It  seems  desirable  here  to  give  some  explanation  in 
regard  to  several  of  the  practical  methods  described.  Every 
watchmaker  will  at  once  recognize  that  receipts  are  in- 
cluded which  are  of  the  nature  of  makeshifts,  and  that 
it  would  in  many  cases  be  better  to  replace  a  piece  by  a  rmw 
one  rather  than  to  repair  it  in  the  manner  indicated.  But 
on  the  other  hand  it  has  been  felt  that  the  work  will  often 
1x3  appealed  to  by  those  who,  from  various  circumstances, 
may  be  prevented  from  making  or  procuring  a  new  part 
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that  will  suit  the  watch  under  repair,  while  those  who  are 
not  so  situated  will  have  no  difficulty  in  deciding  for  them- 
selves as  to  which  method  to  adopt. 

We  would  express  our  thanks  to  various  friends  to  whom 
we  are  indebted  for  assistance  in  the  preparation  of  the 
work,  and  we  trust  that  the  present  edition  may  be  found 
as  useful  in  this  country  as  the  original  has  proved  itself  on 
the  Continent. 

JULIEN  TrIPPLIN. 

Edward  Rigg. 
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ARITHMETIC,  GEOMETRY  &  MEASUREMENT. 


ARITHMETIC. 

1.  At  the  present  day  it  is  absolately  necessary  that  the 
watchmaker  be  acqoainted  with  the  rales  of  arithmetic, 
and  that  he  have  some  knowledge  of  geometry.  He 
will  have  to  perform  a  calculation  when  altering  a  depth  or 
ascertaining  the  numbers  of  teeth  in  a  train  of  whatever 
horol(^cal  mechanism  he  is  making  or  repairing,  as  well 
as  in  numerous  other  cases. 

A  knowledge  of  geometry  wiD  enable  him  to  ascertain 
the  dimensions  of  solid  bodies,  and  he  will  be  in  a  position 
to  apply  the  rules  that  form  the  basis  of  linear  drawing ; 
every  watchmaker  worthy  of  the  name  should  be  able  to 
make  and  to  understand  the  drawing  of  a  machine  or  of  any 
horological  instrument. 

Many  inventors,  and  even  ordinary  workmen,  would 
avoid  a  large  amount  of  handwork,  often  useless  and  occu- 
pying much  time,  if,  instead  of  at  once  putting  an  idea 

B 


I 


2  THE  WATOHMAKEES'  HAND-BOOK, 

into  practice  with  brass  and  steel,  they  were  able,  as  a 
preliminary,  to  make  for  themselves  a  correct  design  drawn 
to  scale. 

2.  We  must  assume  the  reader  to  be  familiar  with  the 
four  first  rules  of  arithmetic  as  far  as  regards  whole  num- 
bers and  proper  ifractions ;  moreover  they  can  be  studied  in 
a  great  number  of  special  text-books. 

Besides  possessing  a  knowledge  of  prime  numbers,  num- 
bers that  is  which  have  no  divisors  but  unity  and  themselves, 
the  watchmaker  should  be  able  to  determine  the  greatest 
common  measure  of  several  numbers,  a  rule  which  is  of  the 
first  importance  in  calculating  a  train  of  wheels  that  is  at 
all  complicated. 

We  shall  confine  our  attention  to  the  methods  of  extract- 
ing square  roots  and  proportions,  the  rules  for  which  may 
have  been  forgotten  owing  to  their  being  less  frequently 
employed  than  the  more  common  rules  of  arithmetic  ;  they 
are  of  frequent  use  in  horology. 


EXPLANATION  OF  CERTAIN   SIGNS   EMPLOYED   IN 

CALCULATIONS. 

3.  The  sign  +  mesjis plus  or  "added  to."  The  sign  x 
(which  must  be  carefully  distinguished  from  the  last)  means 
"  multiplied  by,"  and  -r-  stands  for  "  divided  by."  Minus 
(  —  )  means  "  diminished  by,"  and  the  sign  =  indicates 
that  the  terms  on  each  side  are  of  equal  value. 

Thus  the  expression — 


20  +  15  X  10  +  12  -^  3  =  190  — 16 

would  be  read  thus  : — 

20  plus  15  multiplied  by  10  plus  12  divided  hy  Z  is  equal 

to  190  minus  16. 

Division  is  more  usually  indicated  by  a  line  between  the 
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two  figures  placed  with  the  divisor  below  the  dividend : 

thus  -z-  is  expressed  as  10  divided  by  8,  or  ten-thirds. 
3 

The  signs  of  proportion  are  two  superposed  dots  (thus  :  ) 

read  **  is  to,*^  and  four  dots  (thus  : :  )  to  express  "  ««." 


POWERS  AND  ROOTS. 

4,  A  power  of  a  number  is  the  product  obtained  by 
multiplying  that  number  a  certain  number  of  times  by 
itself. 

5  X  5  =  25.    25  is  the  second  power  or  square  of  6. 

6  X  6  X  6  =»  216.  216  is  6  raised  to  a  third  power  or 
cubed. 

It  is  usual  to  indicate  that  a  number  must  be  raised  to  a 
definite  power  by  inserting  a  corresponding  small  number  at 
the  right-hand  top  comer.    Thus  : — 

7»  =  7  X  7  X  7. 

A  root  of  a  number  is  that  quantity  which,  when  multi- 
plied by  itself  a  definite  number  of  times,  will  produce  the 
initial  number.  Thus,  in  the  above  examples,  5  is  the 
square  root  of  25  ;  and  6  is  the  mbe  root  of  216. 

In  order  to  indicate  that  a  root  must  be  extracted,  the 

* 

number  is  placed  under  the  sign  yj ^  termed  the  radixj  and 
the  index  of  the  root  is  expressed  by  a  little  figure  placed 
outside  the  bend. 

^25"=  5  and  ^216  =  6. 

It  is  usual  to  omit  the  index  number  for  square  roots,  so 
that  the  radix  without  any  index  number  means  that  the 
square  root  is  to  be  taken. 

5.  To  extract  the  square  root  of  a  whole  number.*— 


*  The  rule  is  adapted  from  Barnard  Smith's  Bchool  Arithmetic  (Macmillan). 
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Place  a  point  or  dot  over  the  units'  place  of  the  given  num- 
ber, and  thence  over  every  second  figure  to  the  left  of  that 
place,  thus  dividing  the  whole  number  into  several  periods. 
The  number  of  points  will  show  the  number  of  figures  in 
the  required  root. 

Find  the  greatest  number  whose  square  is  contained  in 
the  first  period  at  the  left ;  this  is  the  first  figure  in  the 
root,  and  may  be  ascertained  by  the  aid  of  the  following^ 
table  : — 

Number        1,    4,    9,    16,    25,    86,    49,    64,    81 
Square  root  1,    2,    3,     4,      5,       6,      7,      8,      9 

Subtract  the  square  of  tHe  number  so  determined  from 
the  first  period,  and  to  the  remainder  bring  down  the 
second  period.  Divide  the  number  thus  formed,  omitting 
the  last  figure,  by  twice  the  part  of  the  root  already  obtained, 
and  annex  the  quotient  to  the  root  and  also  to  the  divisor. 
Then  multiply  the  divisor,  as  it  now  stands,  by  the  part 
of  the  root  last  obtained,  and  subtract  the  product  from  the 
number  formed,  as  above  mentioned,  by  the  first  remainder 
and  second  period.  If  there  be  more  periods  to  be  brought 
down  the  operation  must  be  repeated,  and  if,  when  all  the 
periods  have  been  so  brought  down,  there  is  a  remainder, 
the  given  number  has  no  exact  square  root. 

6.  If  the  number  be  a  decimal  fraction  or  a  whole  number 
and  decimal  combined,  proceed  in  a  similar  manner,  but 
observe  that  a  point  must  always  occur  over  the  units'" 
figure  and  on  alternate  figures  from  it  on  either  side  to  the 
right  and  left.  A  decimal  point  will  be  placed  in  the  square 
root  immediately  before  bringing  down  the  first  decimal 
period,  and,  in  cases  where  the  given  number  has  no  exact 
root,  it  may  be  approximated  to  by  bringing  down  successive 
pairs  of  cyphers. 
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7.  Example. — Extract  the  square  root  of  273,629. 


273529  (523 
25 


102 


1043 


235 
204 

3129 
3129 


Applying  the  above  rule,  the  square  of  5  or  25,  the  largest 
contained  in  27,  is  subtracted  from  the  first  period,  and  to 
the  remainder  the  second  period,  35  is  attached.  The  divisor 
for  the  dividend  so  formed  is  obtained  by  doubling  the  por- 
tion of  the  root  already  determined  (5),  and  annexing  2  to 
the  10  since  10  will  divide  twice  into  23,  the  dividend  with 
the  last  figure  omitted.  The  2  is  also  added  to  the  quotient 
as  forming  a  figure  in  the  root,  and  102  multiplied  by  it  as 
in  ordinary  division.  The  next  period,  29,  having  been 
brought  down  to  the  remainder  thus  obtained,  a  similar 
operation  is  again  gone  through,  the  entire  quotient,  so  far 
as  it  has  been  determined,  being  each  time  doubled. 

PROPORTION. 

8.  When  we  compare  two  numbers  with  a  view  to 
ascertain  how  much  one  is  smaller  or  larger  than  another, 
we  obtain  a  ratio  of  difference  : — 

6—2  =  4 

fiuch  a  ratio  is  termed  an  arithmetical  ratio, 

9.  When  the  difference  between  two  numbers  is  ascer- 
tained by  seeing  how  many  times  one  is  contained  in  the 
other,  we  obtain  a  geometrical  ratio ;  this,  then,  is  always 
obtained  by  division. 
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A  proportion  is  defined  as  the  equality  of  two  ratios.  Thus : 

—  =  5  and  -r-=  5,  and  we  may  therefore  state  that^ 

80^40 
6         8 

or,  as  it  is  usually  written  (3), 

30  :  6   : :  40  :  8 

constitutes  a  geometrical  proportion. 

The  first  and  fourth  terms  of  a  proportion  are  known  as 
the  extremes.    The  second  and  third  are  the  means. 

FundamerUal  rule. — In  every  proportion  the  product  of 
the  extremes  is  equal  to  the  product  of  the  means. 

Thus  :    30  X  8  =  6  X  40  =  240 

Hence  it  follows  that  if  we  only  know  three  terms  we  can 
always  determine  the  fourth^  the  unknown,  which  is  usually 
represented  by  the  letter  x. 

Take  the  proportion  12  :  3  : :  16  :  2;. 

8  X  16  =  48  (the  product  of  the  means) ;  this  product 
divided  by  12  (the  known  extreme)  gives  4  as  the  value  of  x. 

If  the  two  extremes  are  given  and  one  mean,  we  must 
then  take  the  product  of  the  extremes  and  divide  by  the 
known  mean. 

Thus  in  the  proportion : — 

20  :  5   : :  jr  :  25 
we  have : — 

20  X  26  =  500.    a?  =  ^^  =  100. 

Similar  powers  or  roots  of  four  numbers  that  are  in 
proportion  wiU  also  be  in  proportion. 
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If  the  fonr  tenns  be  mnltiplied  or  divided  bj  the  same 
number^  the  resulting  numbers  will  still  be  in  proportion. 

ELEMENTS  OF  PRACTICAL  GEOMETRY. 

10.  The  object  of  geometry  is  to  measure  the  extent  of 
bodies. 

A  body  has  three  dimensions:  length,  breadth,  and 
thickness,  and  one  of  these  latter  is  sometimes  termed  height 
or  depth. 

Either  dimension  taken  by  itself  is  measured  by  a  straight 
Une. 

When  the  extent  of  a  body  is  expressed  by  combining  any 
two  dimensions,  it  is  termed  area  or  surface,  and  when  three 
are  employed  we  obtain  the  solid  measure  or  volume. 

Plane  geometry  only  takes  cognizance  of  figures  situated 
in  one  plane  or  sur&ce,  and  therefore  only  possessing  two 
dimensions;  soUd  geometry  regards  bodies  as  having  all 
three  dimensions. 

Two  lines  are  parallel  when  their  distance  apart  is  at  all 
points  the  same.  A  similar  definition  is  applicable  to 
parallel  planes. 

Two  lines  or  planes  meeting  each  other  will  form  an 
angle.  The  point  at  which  they  meet  or  intersect  is  termed 
the  apex  or  summit  of  the  angle. 

A  straight  line  \a  perpendicular  or  at  right  angles  to  another 
straight  Une,  or  to  a  plane,  when  all  the  angles  which  it  makes 
with  that  line  or  plane  are  equal. 

A  circumference  of  a  circle  is  a  curved  line  Ic  df  (fig,  1, 
plate  I.),  such  that  tdl  its  points  are  equally  distant  from  an 
internal  point,  o,  termed  the  cmtre.  The  circle  is  the  space 
enclosed  by  the  circumference. 

It  will  be  noticed  that  in  geometry  these  two  words  are 
distinguished,  although  they  are  frequently  referred  to  as 
identical  Thus,  the  rim  of  a  wheel  or  balance  is  generally 
termed  a  circle. 
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Two  circles  (I  c  d  f  and  Ira,  fig.  1,  plate  I.)  described 
from  the  same  centre  are  said  to  be  concentric.  When 
their  centres  do  not  coincide  they  are  called  exceiitric  with 
regard  to  one  another. 

Any  portion  of  a  circumference,  such  as  f  n  d  (same 
figure),  is  termed  an  arc  of  the  circumference,  or,  more 
commonly,  an  arc  of  a  circle. 

A  chord  is  a  straight  line,  /  d,  which  unites  the  two 
extremities  of  an  arc. 

When  the  chord  passes  through  the  centre  of  a  circle  it  is 
termed  a  diameter. 

The  radius  of  a  circle  or  circumference  is  a  straight  line 
drawn  from  the  centre  to  the  circumference ;  and  all  the 
radii  that  can  be  thus  drawn  are  equal.  A  diameter  is,  then, 
always  double  the  radius,  and,  conversely,  the  radius  is  always 
half  the  diameter. 

A  ta'iigent  is  a  straight  line  that  only  touches  a  circum- 
ference at  one  point,  br  g  I  (fig.  1,  plate  I.) ;  whereas  a 
secant  cuts  the  circle,  as  ij. 

A  circumference  is  assumed  to  be  divided  into  360 
equal  parts,  termed  degrees.  The  degree  is  subdivided 
into  60  equal  parts,  or  minutes^  and  the  minute  into 
60  seconds.  These  are  respectively  symbolized  by  the 
marks  °  '  ''  placed  at  the  top  right-hand  comer  of  the 
figure. 

Such  an  expression  as  18^^  30'  15*5"  would,  then,  be  read 
— 18  degrees,  30  minutes,  and  15*5  seconds, 

11.  Katio  of  the  circumference  to  the  diameter.— 

The  diameter  of  a  circle  is  to  the  circumference  as  7  :  22  ; 
or,  employing  decimal  fractions,  as  1 :  3*14159  (a  number 
which,  in  algebra,  is  always  represented  by  the  Greek 
letter  tt). 

Knowing  a  diameter  (d),  the  circumference,  x,  can  be 
ascertained  from  the  proportion  : — 

1  :   3-14159  ::  D  :  a?. 
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Knowing  a  circumference  (c),  the  diameter,  x,  can  be 
determined  jfrom  the  proportion : — 

8-14159  :    1   ::  C  :  a?. 

The  latter  proportion  will  also  give  the  value  of  the  radius, 
which  is  half  a  diameter. 

12.  The  superficial  area  of  a  circle  is  equal  to  the  cir- 
cumference miQtiplied  by  half  the  radius,  or  to  the  square  of 
the  radius  multiplied  by  8*14159. 

A  sector  is  the  sur&ce  enclosed  between  an  arc  and  two 
radii  bounding  it,  as  J  o  r  A;  (fig.  1,  plate  I.). 

The  area  or  surface  of  a  sector  can  be  ascertained  by  mul- 
tiplying the  length  of  the  arc  by  half  the  radius. 

A  segment  of  a  circle  is  the  portion  intercepted  between 
an  arc  and  its  chord,  ssfdn  (fig.  1,  plate  I.). 

The  surface  of  a  segment,  as  ^  A;  r  ^,  can  be  obtained  by 
subtracting  from  the  area  of  the  sector  o  b  kr,  the  area  of 
the  triangle,  b  r  o  (15). 

13.  Eing. — ^To  determine  the  surface  of  a  flat  ring,  the 
area  of  the  inner  circle  must  be  subtracted  from  that  of  the 
outer  circle ;  in  other  words,  take  the  difference  between 
the  areas  of  the  two  circles  that  fix  the  inner  and  outer 
diameters  of  the  ring. 

The  area  of  a  flat  ring  can  also  be  calculated  by  adding 

together  the  internal  and  external  diameters  ;  then  multiply 

the  number  so  obtained  by  their  difference  and  by  the 

8*14159 
decimal  fraction  0*7854  (that  is, — j — ),     The  product 

will  be  the  required  area. 

14.  Angles  and  their  measMrement, — When  two  lines 
meet  one  another,  they  form  an  angle,  as  we  have  already 
seen.  If  we  take  the  apex  as  the  centre  of  a  circle,  the 
number  of  degrees  intercepted  between  the  two  straight 
lines  gives  a  measure  of  this  angle. 

The  angle  measured  by  a  quarter  of  a  circumference,  or 
90S  ^  termed  a  right  angle. 
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An  oUusB  angle  is  greater  than  a  right  angle^  and  an 
angle  that  is  less  is  termed  an  acuU  angle. 

15.  Triangles,  squares,  &c.,  and  their  measurement. 

— ^The  triangle  or  plane  area  enclosed  within  three  straight 
lines  joined  two  and  two  together  (a,  b,  c,  fig.  2,  plate  I.)  is 
said  to  be  rectangular  when  one  of  its  angles  is  aright  angle  ; 
it  is  equilateral  when  the  three  sides  are  equal,  under  which 
circumstances  the  three  angles  are  also  equal ;  and  isosceles 
when  only  two  sides  are  of  equal  length. 

The  sum  of  th^  three  angles  of  a  triangle  is  always  equal 
to  two  right  angles.  If  only  two  of  the  angles  are  known, 
it  is  thus  easy  to  determine  the  third. 

Similar  triangles  are  characterized  by  the  fact  that  their 
homologous  sides  (that  is,  the  sides  opposite  to  equal  angles) 
are  proportional. 

Peculiarity  of  the  right-angled  triangle. — ^The  square  de- 
scribed on  the  longest  side,  termed  the  hypothmuse  (b,  fig.  2, 
plate  I.),  is  equal  to  the  sum  of  the  squares  described  on  the 
two  other  sides.  Hence  it  follows  that,  if  the  lengths  of  the 
two  shorter  sides  are  known,  that  of  the  hypothenuse  can  be 
ascertained  by  extracting  the  square  root  of  the  number 
formed  by  adding  together  the  squares  formed  on  these  two 
sides  (5-7). 

If  the  hypothenuse  is  known  and  one  of  the  shorter  sides, 
the  third  can  be  determined  by  extracting  the  square  root  of 
the  number  formed  by  subtracting  the  square  of  the  known 
side  from  the  square  of  the  hypothenuse. 

The  surface  of  a  triangle  is  determined  by  multiplying 
one  of  the  sides  by  half  the  perpendicular  height  of  the 
angle  opposite  to  this  side. 

16.  The  surface  of  a  square  or  of  an  oblong  or  rectangle 
(abed,  fig.  3,  plate  I.),  is  equal  to  the  product  of  the  base 
multiplied  by  the  height. 

The  sum  of  the  squares  described  on  the  four  sides  is  equal 
to  twice  the  square  described  on  a  diagonal.  This  diagonal 
divides  the  rectangle  into  two  equal  rectangular  triangles. 
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17.  The  surface  of  a  parallelogram  or  lozenge,  a  plane 
fignre  with  fonr  sides^  opposite  pairs  of  which  are  parallel 
{e  fg  d  and  c  %  j  d,  fig.  8,  plate  I.),  is  eqnal  to  the  product 
of  one  side  multiplied  by  the  perpendicular  height  of  the 
figure. 

The  sum  of  the  squares  described  on  the  four  sides  of  a 
parallelogram  is  equal  to  the  sum  of  the  squares  described  on 
the  two  diagonals. 

18.  Measure  of  various  solid  bodies.— The  volume  of 

a  cube  or  parallelopiped  (that  is,  a  body  bounded  by  six 
four-sided  figures,  every  opposite  two  of  which  are  parallel) 
is  obtained  by  multiplying  the  surface  of  the  base  by  the 
height. 

The  volume  of  a  straight  cylinder  is  the  product  of  the 
gur&ce  of  the  circle  which  forms  its  base  into  the  height  of 
the  cylinder. 

The  area  of  the  curved  surface  of  a  cylinder  is  obtained 
by  multiplying  the  circumference  of  the  circle  forming  its 
hose  by  the  height. 

The  volume  of  a  tube  or  cylindrical  ring  of  rectangular 
section,  such  as  the  arbor-nut  of  a  barrel,  or  the  rim  of  a 
circular  balance,  &c.,  is  equal  to  the  product  of  the  plane 
surface  of  its  base  (13)  into  its  height. 

The  volume  of  a  right  cone  or  of  a  regular  pyramid  is  the 
product  of  the  base  into  a  third  of  the  height. 

The  surface  of  a  spJiere  may  be  determined  by  multiplying 
the  square  of  the  diameter  by  3*1416  (11). 

The  volume  of  a  sphere  is  equal  to  this  sur&ce  multiplied 
by  a  third  of  the  radius. 

GEOMETRICAL   DRAWING. 

19.  An  elementary  knowledge  of  the  art  of  drawing,  an 
ability  to  represent  the  outlines  of  objects  by  simple  lines, 
is  of  the  first  importance  to  the  watchmaker. 

Such  a  design  is  obtained  by  projecting  on  to  one  plane 
all  the  visible  points  of  the  object  represented. 
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Projection  on  a  vertical  plane  gives  an  elevation;  the 
object  is  looked  at  from  one  side. 

Projection  on  to  a  horizontal  plane  produces  a  pla^i;  the 
object  is  observed  from  above,  thus  giving  a  bird's-eye  view. 

The  projection  of  a  point  on  a  vertical  or  horizontal  plane 
is  the  foot  of  the  perpendicular,  from  the  given  point  on  to 
the  plane. 

Assume  the  line  n  m  (fig.  4,  plate  I.),  to  be  fixed  in  space  ; 
its  horizontal  projection  will  give  c  d,  and  its  vertical  pro- 
jection, r  s. 

Miscellaneous  details. — ^When  one  portion  of  the  object 
to  be  represented  is  found  to  pass  behind  other  pieces  so 
that  it  cannot  be  seen,  the  continuation  is  frequently  indi- 
cated by  dotted  lines. 

Surfaces  that  are  situated  in  planes  one  behind  the  other 
are  shaded,  the  more  deeply  according  as  they  are  farther 
back.  This  shading  is  produced  by  a  number  of  parallel 
lines  which  may  be  vertical  or  horizontal. 

Parts  that  are  in  relief  are  indicated  by  projected  shadows, 
or  by  increasing  the  thickness  of  a  line  that  would  cast  a 
shadow. 

In  order  to  distinguish  the  several  shadings  or  to  empha- 
size the  lines  by  which  they  are  separated,  it  is  a  very  usual, 
though  not  invariable,  practice,  to  assume  the  light  to  be 
coming  from  the  left,  falling  on  the  picture  from  over  the 
shoulder  of  the  draughtsman  at  an  inclination  of  about  45°. 

When  drawing  a  square  in  relief,  such  o&a  d  cd  (fig.  3, 
plate  I.),  if  it  is  an  elevation,  the  lines  c  d,  b  dwiU  be  made 
darkest ;  but  if  it  is  a  plan,  the  lines  a  b,  d  b  should  be 
brought  into  prominence. 

These  several  directions  will  be  found  useful  when  a  hole, 
any  cavity,  a  pin,  a  round  object,  &c.,  has  to  be  depicted. 
As  a  general  rule,  the  thick  lines  should  indicate  the  position 
at  which  a  shadow  would  form,  the  light  being  assumed  to 
fall  on  the  drawing  in  the  manner  indicated  above. 

A  section  shows  a  body  as  it  would  appear  if  cut  in  two. 
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and  one  portion  removed  in  order  to  expose  the  interior. 
A  section  is  indicated  by  a  series  of  parallel  lines  drawn 
close  together  and  at  an  inclination  of  about  45°  to  the 
vertical. 

In  order  to  leave  more  room  for  important  details,  or  to 
show  objects  that  are  situated  behind,  a  piece  is  often  broken 
off  by  an  irregular  line. 

Lines  formed  by  a  series  of  detached  points  sometimes 
serve  as  a  means  of  associating  several  figures  representing 
the  same  object  looked  at  in  different  directions. 

20.  Tracing  and  transfering. — ^These  two  operations 

are  resorted  to  when  it  is  required  to  obtain  one  or  more 
copies  of  a  picture  or  design  already  drawn. 

Tracing  consists  in  laying  a  piece  of  tissue  or  other  trans- 
lucent paper  over  the  drawing  and  copying  it  by  following 
over  the  lines  that  are  visible  with  a  pencil.  Or  ordinary 
paper  can  be  used  for  the  purpose,  providing  it  is  not  too 
thick,  if  the  picture  be  placed  against  the  pane  of  a  window 
or,  what  is  more  convenient,  on  a  sheet  of  glass  used  as  a 
desk  and  illuminated  from  below.  When  either  sheet  of 
paper  is  too  thick  to  allow  suflBcient  h'ght  to  pass  one  or  other 
of  the  methods  of  transfering  indicated  below  must  be 
resorted  to. 

21.  This  operation  consists  in  reproducing  a  tracing  on 
a  separate  sheet  of  paper  or  on  metal  that  is  to  be  engraved. 
Either  of  the  following  methods  may  be  adopted : — 

(1.)  The  picture  to  be  transferred  is  fixed  to  a  table  if 
tracing  paper  is  to  be  used,  or  to  a  sheet  of  glass  if  only  ordinary 
paper  is  available.  The  lines  are  then  traced  with  a  black 
lead  pencil  that  must  not  be  too  hard.  When  this  is  finished 
it  is  laid,  face  downwards,  on  a  sheet  of  white  paper,  taking 
care  that  both  sheets  are  so  fixed  that  they  shall  not  slip. 
Apply  pressure  to  the  upper  surface  by  tapping  with  a  small 
pad  made  on  purpose  and,  at  the  same  time,  gently  rubbing. 
Experience  will  very  soon  show  how  hard  the  pad  should  be. 
Now  remove  the  tracing,  still  taking  care  to  avoid  any 
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slipping,  and  a  feint  reproduction  of  the  design  will  be  found 
on  the  lower  sheet  of  paper.  It  is  only  necessary  to  follow 
over  the  lines  with  Indian  ink.  The  figure  will  be 
reversed,  but  a  transfer  with  it  in  the  original  direction  may 
be  obtained  by  inverting  the  picture  and  laying  it  on  glass 
so  as  to  make  a  reverse  tracing. 

(2.)  Lay  the  picture  on  a  desk  and  trace  it  with  ink  on  a 
very  transparent  sheet  of  paper.  When  the  ink  is  dry, 
invert  the  tracing  and  blacken  the  back  with  a  crayon  that 
is  not  too  hard.  Now  lay  the  tracing,  with  the  ink  side 
uppermost,  pn  a  sheet  of  clean  paper,  taking  care  to  avoid 
slipping,  and  go  over  the  several  lines  with  an  agate  or  metal 
style,  avoiding  excessive  pressure  on  account  of  the  risk  of 
tearing  the  paper.  On  removing  the  upper  sheet  an 
impression  will  be  found  not  reversed.  Go  over  all  the  lines 
with  Indian  ink  and  clean  the  paper  with  India-rubber  or 
bread  crumbs. 

Odservations. — ^The  choice  of  paper  and  pencil  is  not  a 
matter  of  indifference.  All  kinds  of  paper  do  not  receive  an 
impression  equally  well,  neither  do  all  pencils  or  crayons 
transfer  with  equal  facility.  The  black  Cont6  crayon,  No.  2, 
^viU  generally  be  found  best  suited  to  such  work. 

22.  To  transfer  an  engraved  design.— This  method  is 

available  when  it  is  desired  to  obtain  an  impression,  for 
example,  of  the  engraved  surface  of  a  watch  case. 

Procure  some  of  the  ink  used  by  copper-plate  engravers, 
or,  in  its  absence,  ordinary  stencil  ink  may  be  used.  Taking 
a  small  quantity  on  the  end  of  the  finger,  tap  it  on  the 
surface  of  a  glass  plate,  in  order  that  the  ink  may  be  dis- 
tributed, leaving  only  a  small  quantity  evenly  spread  over 
the  finger :  tap  with  the  finger  thus  prepared  over  the  watch 
case  long  enough  to  make  sure  that  all  the  surface  in  relief 
has  received  some  ink ;  take  a  piece  of  writing  paper  and, 
after  slightly  moistening  it,  spread  it  over  this  surface.  Lay 
above  this  a  piece  of  paper  folded  in  four  and  pass  over  it  in 
all  directions  any  round  body,  such  as  a  small  tool  handle, 
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and  with  some  pressnre ;   then  raise  the  papers  without 
allowing  them  to  slide. 

If  the  operation  has  been  carefully  performed  a  very  clear 
impression  will  thus  be  obtained  of  the  engraved  surface. 
The  relief  win  be  black  and  the  hollows  white,  but,  of  course, 
the  figure  is  reversed  like  that  in  a  looking-glass.  If  re- 
quired in  the  right  direction  it  must  be  traced  through  to 
the  other  side  of  the  paper. 

DRAWING    INSTRUMENTS. 

23.  It  is  needless  here  to  describe  the  rule,  set-square, 
"T-flqiiare,  bow-compass,  &c.,  as  every  one  knows  them. 

To  verify  the  accuracy  of  a  rule. — On  a  perfectly  flat 
smooth  surface  carefully  draw,  with  the  rul#  in  question,  a 
fine  straight  line.  Then  turn  the  rule  over,  hinging  it  as  it 
were  on  the  line  just  drawn  ;  if  quite  straight  the  edge  of 
the  rule  will  exactly  coincide  with  the  line,  in  this  new 
position,  throughout  its  entire  length.  Each  edge  should  be 
thus  examined. 

To  verify  (he  accuracy  of  a  set-squa/re. — Having  fixed  an 
accurate  rule  on  a  smooth  surfEice,  place  one  edge  of  the  set- 
square  against  it,  and  draw  a  line  along  the  edge  perpen- 
dicular to  the  rule;  then,  having  turned  the  set-square, 
hinging  it  on  the  line  just  drawn,  bring  it  against  the  rule 
and  along  the  line.  If  the  square  is  true  the  edge  and  line 
will  coindde  throughout  their  length. 

24.  The  protractor. — Fig.  6,  plate  I.,  represents  a 
common  form  of  this  instrument.  It  is  made  of  horn,  or, 
if  of  metal,  the  inner  portion  is  cut  away,  leaving  only  a 
base  and  a  semicircular  arc,  which  is  divided  into  180  equal 
parts  or  degrees  ;  a  complete  circle  would  therefore  consist 
of  360  such  degrees.  The  point  d,  indicating  the  centre  of 
the  arc,  should  be  very  small  in  order  to  facilitate  the  exact 
setting  of  it  at  the  apex  of  an  angle. 

When  an  angle  has  to  be  drawn  with  accuracy,  the  pro- 
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tractor  is  unsuitable  ;  it  will  be  better  to  adopt  one  of  the 
methods  described  at  paragraph  37  (Consult  also  Treatise, 
p.  442),  or  trigonometrical  methods. 

25.  Drawing  scales. — ^When  an  object  is  represented  by 
a  drawing,  if  the  dimensions  [are  the  same  as  those  of  the 
object  itself,  or,  rather,  as  they  would  project  on  to  a 
horizontal  or  vertical  plane,  the  drawing  is  said  to  be  fuli 
size ;  but  the  object  is  generally  represented  either  on  an 
increased  or  diminished  scale,  which  is  defined,  the  propor- 
tioti  between  all  the  parts  being  still,  however,  maintained 
the  same. 

With  a  view  to  avoid  the  many  calculations  that  such  a 
change  would  involve,  it  is  usual  to  employ  drawing  scales. 
The  following  notes  will  suflBciently  explain  their  construction 
and  use.  • 

Let  it  be  required  to  reproduce  a  large  drawing  on  a  small 
scale,  in  such  a  proportion  that  the  dimensions  are  reduced 
in  the  ratio  of  10  to  1. 

Take  a  straight  line  of  indefinite  length,  a  b,  fig.  7^ 
plate  I.,  and  mark  out  on  it  spaces  equal  to  al,  which 
represents  any  measurement  taken  on  the  original  object; 
at  c,  the  10th  division,  draw  a  perpendicular,  and  on  it 
measure  c  g  equal  to  a  1,  or  one-tenth  ot  a  c  and 
join  a  g. 

Through  the  points  indicating  the  divisions  into  tenths 
draw  lines  parallel  to  c  g,  and  you  will  thus  have  a  series  of 
triangles,  dal,  d'  a  2,  d"  a  8,  &c.,  similar  to  the  triangle 
g  ac.  In  virtue  of  a  well-known  property  of  such  triangles 
(15),  d  1  will  be  one-tenth  of  a  1 ;  d'  2  one-tenth  of  a2  ; 
and  so  on. 

Thus,  if  a  meaaurement  taken  on  the  object,  or  on  a  large 
drawing,  is  equal  to  a  x,  it  will  only  be  needful  to  turn  the 
compass  on  the  point  a;  as  a  centre,  and  to  observe  accurately 
the  perpendicular  height,  x  z,  to  ascertain  the  corresponding 
measurement  on  the  reduced  scale. 

Such  a  scale  can  be  employed  to  measure  metres  and 
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decimetres^  or  feet  and  inches  (bnt^  in  this  latter  case^  it 
would  have  been  necessary  to  mark  off  12  instead  of  10 
divisions  from  a).  Since  a  1  might  be  made  to  represent 
one  metre  ;  a  2,  two  metres,  &c.;  in  virtue  of  the  principle 
of  the  triangle  already  referred  to,  d  1  will  be  the  tenth  of 
a\,  and  will  therefore  represent  a  decimetre;  d'2  will 
represent  two  decimetres,  &c.  The  length  required  to 
represent,  say,  5*3  metres  will  be  ascertained  by  taking  the 
distance  a  5,  to  which  the  distance  d"  3  is  added.  Similarly 
6  feet  2  inches  would  be  given  hy  aZ,  to  which  ^'2  is 
added  on  a  12-di vision  scale. 

26.  The  following  description  of  one  of  these  decimal 
scales,  which  is  engraved  on  metal  or  ivory,  and  often 
included  in  cases  of  drawing  instruments,  will  suffice  to 
enable  anyone  to  construct  a  scale  on  this  principle,  that 
goes  to  a  still  further  degree  of  accuracy,  measuring,  for 
example,  metres,  decimetres,  and  millimetres,  or  yards,  feet, 
and  inches. 

Let  A  B,  fig.  8,  plate  I.,  be  a  flat  rectangular  rule,  divided 
throughout  its  length  by  parallel  equidistant  lines,  into  ten 
strips.  At  right  angles  to  these  are  the  lines  b  o',  a  al,  &c., 
separated  from  one  another  by  a  distance  of  one  centimetre 
(doubled  in  the  drawing  in  order  to  make  the  details  more 
clear).  The  first  centimetre  is  subdivided  along  the  two 
edges,  kOyU  o'^  into  10  equal  parts  or  millimetres,  and  the 
division,  o,  on  the  upper  edge  is  joined  by  an  oblique  line 
with  the  1  on  the  lower  edge,  and  the  others  by  parallel 
oblique  lines  as  shown  in  the  figure.  Thus  c  i  will  be  one- 
tenth  of  a  millimetre,  sj  two-tenths,  and  so  on. 

If  the  compass  is  opened  so  as  to  reach  from  xU>  z,\t  will 
be  seen  that  it  covers  a  space  of  16  millimetres  and  2-lOths 
of  a  millimetre,  for  there  are  1  large  division  (or  10  mm.), 
6  smaller  divisions  (or  millimetres)  plus  a  fi'action  of  a 
millimetre  equal  to  sj  or  2-lOths  of  a  millimetre. 

27.  Sector. — ^When  it  is  required  to  reduce  the  scale  of  a 
drawing,  subject  to  the  condition  that  the  dimensions  shall 
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be  all  diminished  in  the  ratio  of  two  given  lines,  we  may 
state  the  problem  thus : — 

The  longer  of  the  two  given  lines  is  to  the  shorter,  as  any 
given  dimensions  of  the  old  drawing  is  to  x.  The  value  of  x 
thus  determined  will  be  the  corresponding  dimension  of  the 
new  figure. 

Such  a  rule  of  three  proposition  would  involve  a  consider- 
able amount  of  work,  and  the  required  result  can  be  arrived 
at  with  greater  facility  by  the  geometrical  method  which 
forms  the  basis  of  the  scale  just  described,  or,  better  still,  by 
using  the  sector  shown  in  fig.  9,  plate  I.  It  consists  of  two 
brass  or  ivory  legs  hinged  about  a  centre  m  which  is  at  the 
apex  of  the  angle  n  m  c  formed  by  two  straight  lines 
similarly  divided  into  equal  parts. 

It  is  employed  as  follows : — Let  us  assume  that  a  drawing 
has  to  be  reduced  in  the  ratio  of  the  line  A  to  the  line  b  ; 
set  off  the  length  a  along  m  n  and  suppose  its  extremity 
to  be  at  Sy  where  division  number  5  occurs.  Open  a 
compass  to  a  distance  equal  to  b,  and  placing  one  point  at 
J9,  open  the  two  legs  of  the  scale  until  the  second  point 
coincides  exactly  with  the  corresponding  division  t,  that  is, 
with  the  5  on  the  other  leg,  m  c.  Maintaining  the  scale 
open  to  this  amount,  it  is  only  needful,  after  measuring  a 
distance  on  the  original  drawing  or  object,  to  set  it  off 
along  m  n,  and  to  measure  the  distance  between  its  ex- 
tremity and  the  corresponding  point  on  the  other  leg  ;  this 
distance  will  be  the  dunension  on  the  reduced  scale. 

28,  Proportional  compass.— This  consists  of  two  equal 
stems  terminating  with  points,  fig.  10,  plate  I.  They  are 
cut  through  for  a  portion  of  their  length,  and  provided  with 
a  slide  forming  a  hinge,  that  can  be  clamped  by  a  screw  a  in 
any  position.  Graduations  on  the  two  slots  and  a  mark  on 
the  slide  indicate  in  what  position  of  the  slide  a,  the  length 
a  l  (equal  \^  a  g)  \a  equal  to  \,  ^,  \y  i,  <fec.,  of  a  d ;  and 
thus  show  what  is  the  ratio  o{  g  b  to  cd,  a  ratio  which  is 
independent  of  the  extent  to  which  the  arms  are  opened. 
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29.  The.  vernier, — The  vemier  consists  of  a  small 
(jpradnated  slide  which  is  adapted  to  a  graduated  mle  or 
circular  arc  with  a  view  to  ascertain  the  valae  of  small 
fractional  parts  of  the  divisions  marked  on  the  rale  or  arc. 
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Fig.  I. 

Let  A  B^  in  the  above  figure^  be  a  rule  divided  into  miUi- 
metres  (the  proportions  are  enlarged  in  the  drawing  so  as  to 
avoid  confosion  among  the  lines),  and  let  it  be  required  to 
determine  a  length  to  within  the  tenth  of  a  millimetre. 

As  the  measurement  is  required  to  the  tenths  take  ten 
less  one  or  nine  of  the  divisions  of  the  scale  ;  they  will  extend 
from  0  to  IX^  and  this  represents  the  acting  length  of  the 
vernier. 

Subdivide  the  vemier  into  ten  equal  parts  ;  it  is  manifest 
that  each  graduation  of  the  vernier  differs  from  the  original 
subdivisions  of  the  rule  by  1-lOth  of  a  graduation  of  the 
latter.  In  other  words,  unity  on  the  vemier  is  equal  to 
9-10th8  of  unity  on  the  rule. 

When  the  rule  and  vemier  are  placed  as  shown  in  the 
upper  figure,  so  that  the  0  on  both  scales  coincide,  the  suc- 
cessive divisions  on  the  mle  (marked  with  Roman  numerals 
for  distinction)  will  be  progressively  more  and  more  in 
advance  of  the  corresponding  divisions  on  the  vemier  in  the 
following  proportion : — 

The  marks  I  and  1  are  1-lOth  apart ;  the  marks  II  and 
2,  2-lOths  ;  III  and  8,  8-lOths  ;  and  so  on,  the  mark  X 
being  10-lOths,  or  one  complete  division  in  advance  of  10, 
this  division  being  a  unit  on  the  scale. 
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Thus  if  the  vernier  is  caused  to  slide  along  the  edge  of  the 
rule,  when  1  coincides  with  I  the  vernier  has  advanced 
1-lOth  ;  when  2  coincides  with  II,  it  has  advanced  2-lOths  ; 
and  so  on. 

Let  it  be  required  to  determine  the  distance  p  d.  The 
division  6  on  the  vernier  coincides  with  a  division  of  the 
scale  ;  henc«  it  follows  that  the  extremity  d  of  the  vernier 
is  at  a  distance  of  6-lOths  millimetre  fh)m  III,  the  next 
division  of  the  scale  to  the  left.  The  distance  between  p 
and  d  is  thus  3*6  millimetres. 

With  a  vernier  showing  tenths  if  two  consecutive  divisions 
of  the  vernier  fall  between  two  divisions  on  the  rule,  and 
there  does  not  appear  to  be  a  tendency  towards  one  side 
more  thaii  to?rards  another,  even  when  observed  with  a 
strong  glass,  it  is  possible  to  take  an  ai^Hroximate  reading  to 
the  twentieth. 

In  measuring  circular  arcs  a  curved  veniier  is  used  in 
place  of  a  straight  one*  and  its  graduations  are  made  to 
eonespond  with  those  on  the  cirde  as  shown  in  &g,  5, 
plate  I. 

SO.  Micronieter  screw.— By  employing  a  micronieter 
screw  it  is  possibfe  to  measure  infinitesimal  amoants,  bat 
the  serew  must  be  perfectly  accurate^  azid  must  wcsk  without 
apprecs^t^  bacUash*  or  kas  of  time. 

Aasume  T«  fig.  II,  plate  I.«  to  be  such  a  aoew,  having  a 
pitch  of  1  millimetre.  It  wiH  advance  by  this  amount  with 
eairh  compete  rotatiuii. 

To  die  hettd  of  &e screw  Is  attaijieda  dme  of  anxji  &  w^ 
tiiat  itartm  eatabednridedmtoanumbarQf  equalpartss.  aaj 
a  hundred.  These  graduations  may  be  marks  on  the  edge 
or  natijtoas  cot  in  it  when  an  index  s  repaired  to  stop  in 
them :  bat  the  nufex  is  less  fireqoffiatlT  met  wt&  timn  a 
sbapte  dhrafed  strarg&t-ei^  ahnoBt  in  eimtact  wdjidie  diac. 
The  divvi&>ns  roond  &  due  ace  nnmbered  in  aacemdm^ 
ocdisr  as  tibie  pomibi  ^  and  a  sspaca^^  »  that  aeiQ  ciHnes 
nm&r  die  tmfex  or  rob  wbsoL  thast  pomisi  ate  xn 
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Readings  of  the  nninbers  will  thiu  afford  a  measure  of  the 
displacement  of  the  point  of  the  screw. 

When  the  disc  is  rotated  the  point  a  will  move  towards  or 
from  c  by  1-lOOth  of  a  millimetre  for  each  division  passing 
under  the  straight-edge^  and  one  millimetre  for  each  com- 
plete rotation.  It  is  thus  possible  to  ascertain  the  dimen- 
sions of  an  object  when  it  enters  without  play  between  the 
two  jaws  to  within  an  error  of  about  1-lOOth  of  a  millhnetre 
if  the  instrument  is  accurately  made. 

If^  instead  of  passing  the  object  between  the  two 
jaws,  it  is  gripped  by  them^  the  measurement  will  be  less 
exact,  as  no  account  is  taken  of  the  pressure  exerted  and  of 
the  eksticity.    (44.    See  also  art.  1487  in  the  Treatise,) 

Many  of  the  small  instruments  that  are  employed  by 
watchmakers  for  measuring  moderate  thicknesses  give 
erroneous  indications.  We  have  explained  in  the  Treatise 
on  Modern  Horology  (articles  1484---8)  the  mode  in  which 
they  should  be  made,  in  order  to  increase  their  accuracy.* 

GEOMETRICAL    DRAWINGS. 

31.  Sketches. — It  is  advisable  from  an  early  age  to 
accustom  oneself  to  make  rapid  freehand  sketches  of  objects 
as  they  present  themselves  to  the  eye.  Such  a  sketch  will 
help  in  the  preparation  of  a  more  exact  drawing,  which 
involves  a  knowledge  of  the  several  geometrical  methods 
given  below. 

A  drawing  may  be  transferred,  reduced  or  enlarged  as 
follows  : — 

Draw  across  the  original  picture  a  number  of  equidistant 
vertical  and  horizontal  hues,  forming  perfect  squares,  and 
number  the  two  sets  of  line  in  succession.  Then  draw  a 
sindilar  series  of  lines  on  a  clean  sheet  of  paper,  setting  the 

*  Tfie  reader  who  is  desirous  of  obtaining  further  information  on 
this  important  subject  may  consult  a  valuable  Report  published  in 
1877,  at  Geneva,  by  Prof.  Thury,  **  Sur  la  construction  d*un  nouvel 
ontil  poor  la  mesure  des  ^paisseurs.'' 
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lines  at  an  equal,  less  or  greafer  distance  apart,  and  copy  in 
succession  the  parts. of  the  figure  that  are  enclosed  within 
the  several  squares. 

As  it  is  not  always  possible  to  draw  lines  across  a  figure, 
they  may  be  replaced  by  a  frame  carrying  fine  wires  stretched 
in  the  tw<>  directions.  The  frame  is  laid  over  the  original 
drawing,  which  can  then  be  copied,  as  above  explained,  on 
a  sheet  of  paper  divided  into  squares  (fig.  20,  plate  I.). 

This  frame  may,  moreover,  afford  assistance  in  the  draw- 
ing of  solid  objects.  Having  placed  it  above  or  in  front  of 
the  object  and  in  contact  with  it,  copy  on  to  the  sectional 
paper  the  contents  of  each  corresponding  square,  taking 
care  to  look  at  the  object  perpendicularly.  With  a  little 
practice  and  by  placing  the  eye  in  the  correct  position  and 
always  at  the  same  distance  from  the  frame  (a  distance  which 
may  be  regulated  by  a  glass),  a  sketch  in  fair  proportion 
may  easily  be  obtained. 

32,  To  erect  a  perpendicular  on  a  straight  line. — 

Either  the  compass  or  a  set-square  can  be  employed ;  the 
use  of  this  latter  instrument  fe  so  simple  that  no  further 
reference  need  be  made, to  it.  Assume  a^  fig.  14,  plate  I., 
to  be  the  point  in  the  line  nm&t  which  a  perpendicular 
is  to  be  drawn.  On  either  side  of  a  measure  off  equal 
distances  a  n,  am:  from  n  and  m,  with  a  radius  about 
equal  to  the  distance  n  m,  draw  two  circular  arcs  cutting 
one  another.  If  their  point  of  intersection  d  be  joined  to 
a,  the  line  a  &  wiU  be  the  required  perpendicular. 

33.  To  erect  a  perpendicular  at  the  extremiiy  of  a 

line. — From  the  extremity  c,  fig.  15,  mark  off  four  equal 
parts  towards  s.  From  5,  with  a  radius  equal  to  five  such 
parts,  describe  a  circular  arc,  and  from  c,  with  a  radius  of 
three  such  parts,  describe  another  arc  cutting  the  fibrst  at  d. 
The  line  joining  c  and  ^will  be  perpendicular  to  8  c. 

For  the  square  of  5  is  25,  and  this  is  equal  to  the 
square  of  4  or  16  plus  the  square  of  8  or  9.  Thus  the 
triangle  8  c  d  must  be  right-angled  (15). 
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Or  the  following  method  may  be  adopted : — ^With  any 
centre  i  and  radius  i  g  (fig.  16),  as  large  as  possible, 
describe  a  circumference  passing  through  g.  From  the 
point  p^  where  the  circle  cuts  tjie  line,  draw  the  diameter 
p  ih.  If  the  point  h  be  joined  to^,  it  is  the  required  per- 
pendicular ;  for,  by  a  property  of  the  semicircle,  the  angle 
hg  'pi&2i,  right  angle. 

34.  To  let  fall  a  perpendicular  on  a  straight  line.— 

In  order  to  let  fall  a  perpendicular  from  the  point  a  on  to 
the  line  b  c  (fig.  17,  plate  I.),  describe  from  aj  as  a  centre,  a 
circular  arc  sufficiently  large,  cutting  the  straight  line  in 
two  points,  I  and  c.  Prom  these  two  points,  with  the  same 
opening  of  the  compass,  draw  on  the  under  side  of  the  Une 
two  arcs  that  intersect.  The  point  of  Intersection  t?  joined 
to  a  gives  the  required  perpendicular. 

35.  To  draw  parallel  straight  lines.— Having  fixed  a 

good  straight  edge  over  the  drawing,  as  many  parallel  lines 
as  are  required  may  be  drawn  with  the  aid  of  a  set-square 
which  is  caused  to  slide  along  the  rule.  They  will  be  vertical, 
horizontal  or  inclined,  according  to  the  position  of  the  rule, 
which  must  be  set  exactly  perpendicular  to  the  direction  in 
which  the  parallel  lines  are  to  be  drawn  (fig.  18,  plate  I.). 

To  draWy  from  a  given  point,  a  line  parallel  to  a  given 
line. — Let  d  be  the  given  point,  and  a  b  the  given  line  (fig. 
19,  plate  I.).  From  d  draw  the  circular  arc  a  c,  and  from 
a  where  it  cuts  a  b,  with  the  same  radius  describe  the  arc 
d  b.  From  a  set  off  ona  c,  a,  distance  equal  to  d  b.  The 
line  joining  d  and  c  is  the  required  parallel. 

36.  To  subdivide  a  line  into  equal  parts.— Let  it  be 

required  to  divide  the  line  p  v  (fig.  24,  plate  I.)  into  five 
equal  parts.  Draw  a  line  p  q  inclined  at  any  angle,  and 
murk  ojff  on  this  line  five  equal  parts  of  any  length  ;  join 
q^  the  extremity  of  the  five  lengths,  and  v,  and  through  the 
points  a,  by  c,  dy  draw  lines  parallel  io  qv.  In  virtue  of  a 
property  of  similar  triangles  these  lines  will  divide  p  v  into 
equal  parts.     It  is  advisable  that  the  lines-  p  v  and  p  q 
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should  not  diflFer  very  considerably  in  length,  as,  otherwise 
the  inclination  of  the  parallel  lines  top  q  will  render  ifc 
difficnlt  to  observe  the  exact  point  of  intersection. 

CTo  divide  a  line  into  proportional  parts. — The  proposition 
can  be  solved  in  a  similar  manner.  Let  it  be  required  to 
divide  a  line  t  r  (fig.  27,  plate  I.),  into  two  sections  that 
are-  to  one  another  in  the  proportion  of  5  to  8.  On  ^  « 
maxk  off  a  series  of  equal  parts  given  by  the  addition  of 
these  numbers  together,  that  is  8  ;  and  join  the  last  point 
8  to  r.  Then  draw  through  c,  the  fifth  division,  a  line 
parallel  to  s  r.  This  line  c  d  will  cut  t  r  into  two  parts, 
which  are  to  one  another  in  the  proportion  of  5  to  3. 

By  an    analogous    construction  a  fourth    proportional 
can  be  graphically  obtained,  afi  already  indicated  in  articles 


37.  To  construct  an  angle  equal  to  a  given  angle. — 

The  angle  maybe  measured  by  means  of  the  protractor  (24) 
which  then  enables  us  to  draw  a  similar  angle ;  but 
greater  accuracy  is  attainable  by  using  the  compass. 

Let  it  be  required  to  construct  at  m  on  the  line  m  'p 
(fig.  25,  plate  I.),  an  angle  equal  to  ft  a  d.  With  as  large  a 
radius  as  possible,  draw  from  the  points  a  and  m  the  arcs 
&  d  and  n  p.  Measure  the  distance  d  I  and  mark  it  off 
with  the  compass  from  p  on  the  arc  ;?  n.  A  line  drawn 
through  m  to  the  intersection  of  the  two  arcs  will  give  the 
required  angle  equal  tol  ad. 

38.  To  subdivide  an  angle  into  2,  i  or  8  equal  parts.— 

In  addition  to  the  use  of  the  protractor,  the  following  graphic 
method  is  often  given  in  works  on  geometry. 

An  angle  efg  being  given  (fig.  80,  plate  I.),  from  its 
apex  /as  a  centre  describe  the  arc  e  g,  and  from  its  two 
points  of  intersection  with  the  sides,  with  a  radius  greater 
than  half  their  distance  apart,  draw  two  short  arcs  cutting 
each  other  at  8.  A  line  drawn  from  /  through  the  inter- 
section 8  will  divide  the  angle  into  two  equal  parts. 

If  four  divisions  are  needed,  repeat  the  process  on  the 
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two  angles  %  f  e^  8  f  g,  and  so  on  for  a  further  sub- 
division. 

The  line  that  divides  the  angle  into  two'equal  parts  will 
also  bisect  or  divide  into  two  equal  parts  the  chord  and  arc  eg. 

39.  To  find  the  centre  of  a  circle  or  of  a  circular 

arc. — ^Take  on  the  circumference  or  on  the  arc  three  points 
b  c  r  (fig.  26^  plate  I.).  Join  h  to  c  and  cior.  At  the 
middle  point  of  each  of  these  lines*  erect  a  perpendicular. 
The  point  of  intersection  of  these  perpendiculars  is  the 
required  centre. 

A  similar  method  should  be  resorted  to  when  it  \a  desired 
to  describe  a  circle  passing  through  three  given  points. 

40.  To  connect  up  or  associate  lines.— In  order  to  join 

np  a  straight  line,  such  as  %  j  (fig.  ^2,  plate  I.),  with  the 
carve  /  p^  erect  a  perpendicular  ^ij,  and  through  the  middle 
point  of  a  chord,  I  p,  draw  a  second  perpendicular  cutting 
the  first  in  k.  This  point  will  be  the  centre  from  which  the 
curve  uniting  the  two  lines  should  be  struck. 

To  unite  a  curve  a  b  (fig.  21,  plate  I.),  with  another 
curve,  c  X  OT  c  z,9t  the  point  c,  first  find  o,  the  centre  of 
the  curve  a  b,  draw  the  line  a  o  continuing  it  beyond  the 
centre ;  join  a  and  c,  and  erect  a  perpendicular  at  the 
middle  point  of  this  chord.  The  intersection  of  this  per- 
pendicular with  a  Oy  produced  if  necessary,  should  be  taken 
as  the  centre  for  a  curve  uniting  b  a  with  c. 

To  join  up  two  lines  inclined  to  each  other  or  parallel 
lines  of  unequal  length,  such  d&  a  r,  b  s,  fig.  23,  draw 
midway  between  the  two  another  ]me,z  d;  join  the  two 
extremities  r  and  «,  and  from  these  points  let  fall  perpen- 
diculars r  i  and  $  c  ;  then  from  d  draw  a  line  perpendicular 
to  «  r.  The  point  o  thus  obtained  wiU  be  the  centre  of  the 
arc  r  dy  and  c  will  be  the  centre  for  d  s. 


*  Determined  in  the  manner  explained  for  erecting  a  perpendicnlar 
in  par.  32  except  that  intersecting  arcs  are  described  on  both  sides 
of  the  line  (n  m,  fig.  14,  plate  I.) ;  the  perpendicular  will  be  a  line 
joining  these  point8  of  intersection. 
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41.  To  describe  an  ellipse.— Let  a  I  (fig.  28,  plate  I.), 

be  the  major  axis  of  the  ellipse  ;  divide  it  into  thi:ee  equal 
parts,  and  from  the  two  points,  c  and  %  at  which  it  is 
divided,  with  a  radius  equal  to  %  c,  draw  (in  pencil)  two 
circles,  intersecting  in  the  points  x  and  z.  Through  these 
points  draw  the  lines  xig^xch^z  if,  zed. 

With  the  centre  z  describe  the  arc  df,  and  from  a?  draw 
h  g ;  the  ellipse  will  be  completed  by  the  two  arcs,  fig, 
d  ah,  oi  the  primitive  circles. 

If  it  be  required  to  describe  an  ellipse  that  shall  have  a 
shorter  minor  axis,  divide  the  major  axis  into  four  equal 
parts,  thus  obtaining  three  points  of  subdivision.  With 
each  point  as  a  centre  and  with  a  radius  equal  to  one  of  the 
spaces  describe  circles.  Those  to  the  right  and  left  will 
determine  the  extremities  of  the  ellipse,  and  the  central 
circle  will  intersect  the  minor  axis  in  two  points  which  must 
be  taken  as  centres  for  describing  the  top  and  bottom 
portions  of  the  figure. 

When  the  length  of  the  long  and  short  axes  are  given, 
proceed  as  follows  (fig.  29) : — From  the  centre  a,  where 
they  intersect  at  right  angles,  mark  off  the  distances  a  n, 
a  0,  equal  to  the  difference  in  the  length  of  two  semi-axes. 
Join  n  0,  and  add  one  half  of  n  o  to  a  o  measured  in 
the  direction  a  v,  thus  obtaining  the  point  Jc ;  with  the 
radius  a  Jc  describe  a  circle.  On  this  circumference  will  lie 
the  four  centres  ;  k  for  the  arc  r  u  8,m  for  the  axo  p  v  q, 
t  and  i  for  the  short  arcs  qjs,per. 

The  figures  obtained  by  the  methods  here  given  closely 
resemble  the  ellipse,  but  are  not  of  the  strict  mathematical 
form.  It  is  well  to  acquire  some  facility  in  drawing  ellipses, 
for  the  projection  of  a  circle  on  a  plane,  when  the  two  are 
neither  parallel  nor  perpendicular,  is  an  ellipse,  and  one  often 
has  occasion  to  describe  it. 

42.  The  following  may  be  added  as  a  mode  of  describing 
an  ellipse : — 

The  major  axis  and  the  two  foci  (points  in  this  axis)  being 
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known,  fix  two  pins  in  tliese  foci.  Then  tie  a  piece  of  string 
into  a  loop  and  place  it  over  the  pins ;  stretch  it  with  a 
pencil,  the  point  of  which  is  on  the  paper,  and  on  moving 
this  ronnd  in  a  circniar  direction,  the  string  being  main- 
tained stretched,  an  ellipse  will  be  described.  When  the  string 
is  so  stretched  that  it  lies  along  the  major  axis,  the  length 
should  be  snch  that  the  pencil  is  exactly  at  its  extremity. 

43.  To  draw  a  spirsJ  curve. — Draw  fonr  lines  forming 
a  small  square  (fig.  13,  plate  I.).  The  point  o  is  taken  as 
the  centre  of  the  first  arc,  %  j ;  sir  the  centre  of  j  k;  u  of 
k  I;  i  of  I  n.  Then,  to  continue  the  curve,  o  is  again 
taken  as  the  centre  for  n  /?,  and  so  on.  This  method  pro- 
duces a  volute  in  which  the  coils  are  at  a  considerable  dis- 
tance apart,  such  as  has  no  special  applicability  to  horology. 

As  the  balance-spring  of  a  watch  is  partially  concealed  by 
other  pieces,  it  is  generally  sufficient  to  represent  the  parts 
that  show  themselves  by  concentric  circular  arcs,  or  arcs 
described  from  two  centres.  If  a  more  accurate  representa- 
tion be  required,  the  following  method  may  be  resorted  to ; 
when  working  on  a  smaU  scale  it  involves  the  use  of  the  eye- 
glass, for  the  figure  (fig.  12,  plate  I.)  here  given  is  exag- 
gerated in  order  to  avoid  confusion  in  the  lines,  numbers, 
letters,  &c. 

A  smaD  circle  having  been  described,  it  is  divided  into 
an  even  number  of  equal  parts,  say  four  ;  a  less  number 
than  this  should  never  be  adopted.  From  the  same  centre 
describe  another  circle  as  small  as  possible,  which  wiU  be  cut 
by  the  two  diameters  drawn  between  opposite  points  of 
division  numbered  1,  2,  3,  4. 

AsBuming  a  to  represent  the  starting-point  of  the  curve, 
from  the  centre  1  with  radius  1  a  draw  the  oica  b;  from  2 
with  radius  2  b  draw  the  sicbc ;  [from  3  with  3  c  drawcrf; 
from  4  with  4  d  draw  d  s ;  then  re-commencing  with  1  and 
the  radius  1  s  draw  «/,  and  so  on. 

The  less  the  radius  of  the  small  circle  and  the  greater  its 
number  of  divisions,  the  closer  will  the  successive  coils  be 


i 
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together.  To  secure  accuracy  when  working  on  a  small 
scale^  it  is  advisable  that  the  centre  and  the  several  points 
be  in  a  thin  brass  or  horn  plate^  which  is  maintained  in 
position  by  steady  pins. 

THE    MICROMETRICAL    DIVIDING   TABLE. 

44.  This  instrument  is  no  more  than  a  simple  application 
of  the  screw  to  dividing  straight  lines,  but  it  will  suffice  to 
enable  the  reader  to  understand  the  principles  on  which  the 
more  complicated  instruments  are  based. 

A  plate,  p,  fig.  1,  plate  II.,  supports  a  bracket  a,  in  which 
a  screw,  similar  to  the  one  described  in  paragraph  30,  is 
engaged  by  means  of  a  collet ;  it  rotates,  being  supported 
between  this  bracket  and  the  small  bearing  hy  that  receives 
the  pivot  at  the  end  of  the  screw. 

The  screw  is  fitted  carefully  into  a  nut  «,  which  is  rigidly 
attached  to  the  small  plate  h;  this  carries  a  fine  marker, 
movable  on  an  axis,  and  terminating  with  a  chisel-edge 
or  a  fine  diamond  point,  according  as  the  instrument  is 
to  be  used  for  engraving  metal  or  glass  ;  or  it  may  be 
provided  with  a  fine  pencil  if  the  object  is  merely  to  make 
subdivisions  on  a  drawing. 

This  being  understood,  it  will  be  evident  that,  if  a  rule  or 
rod  of  any  form  be  fixed  by  screws  or  otherwise  between/ 
and  g,  it  can  be  graduated  by  means  of  the  marker,  the 
screw  being  made  to  advance  ;  the  millimetre  screw  can  be 
used  for  dividing  into  millimetres  and  fractions  direct,  or, 
with  a  little  calculation,  into  fractions  of  an  inch.  Each 
complete  rotation  of  the  head  means  a  displacement  of  the 
marker  by  a  millimetre ;  a  half  turn  will  be  half  a  milli- 
metre, &c. 

OTHER  METHODS   OF    DIVIDING  A  RULE  INTO  EQUAL 

PARTS. 

45.  First  method. — Having  fixed  a  sheet  of  drawing 
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paper  on  a  smooth  board,  draw  the  line  m  n,  fig.  10,  plate 
XI.,  longer  than  the  rule  which  is  required  to  be  divided. 
Then,  with  a  compass  or  graduated  scale,  mark  off  a  series 
of  equidistant  points,  commencing  at  n,  equal  in  number  to 
the  required  series  on  the  rule,  and  let  m  be  the  last  division. 
With  the  centre  n  and  radius  n  m  describe  the  circular  arc 
p  Vy  and  with  m  as  a  centre  and  the  same  radius,  describe  a 
second  arc  r  8,  intersecting  the  first  at  o.  Join  o  with  m 
and  N.  Assume  a  c  to  be  the  rule  that  is  to  be  divided  into 
equal  parts  ;  slide  it  on  the  paper  parallel  to  M  n  until  the 
extremities,  a  and  c,  coincide  with  the  lines  o  m,  o  n,  and 
are  equidistant  from  o.  This  position  can  be  easily  found 
by  the  aid  of  a  compass  with  one  of  its  centres  at  o.  Now 
fix  the  rule  in  position  with  sealing-wax,  or  by  some  other 
means,  and,  with  a  firm  upright  pin,  centre  the  brass  rule 
B  at  0,  so  that  it  can  rotate  round  this  centre  on  the  pin  as 
a  pivot.  It'  now  only  remains  to  trace  a  series  of  lines 
o  ky  0  hy  0  dy  &c.,  with  the  rule,  to  the  division  points 
of  the  line  m  n.  The  line  acis  thus  divided  into  as  many 
equal  parts  as  the  line  m  n.  The  graduations  will  be  all 
the  more  exact  according  as  the  divisions  of  the  line  m  n 
are  longer. 

46.  Second  method.— By  the  side  of  the  chuck  of  a 
wheel-cutting  engine,  arrange  a  horizontal  slide  y/,  fig.  11, 
plate  XL,  that  can  travel  easily  in  a  direction  perpendicular 
to  a  T.  A  watch  fusee-chain,  or  a  very  flexible  spring,  is 
fixed  by  one  end  to  the  chuck,  and  by  the  other  to  the  slide 
at  d.  The  chain  or  spring  is  kept  stretched  by  a  weight 
which  tends  to  draw  the  slide  from/ towards  d. 

The  rule  to  be  graduated,  a,  is  now  fixed  on  the  slide,  and 
an  initial  division  is  marked  on  it  with  a  pointed  rotating 
cutter  in  the  position  usually  occupied  by  the  wheel-cutter, 
or  else  by  striking  a  small  pointed  or  flat-edged  chisel 
arranged  for  the  purpose  in  such  a  manner  as  not  to  be 
liable  to  derangement. 

Sotate  the  table  through  a  definite  distance ;  the  rule  a 
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win  adyance  throngb  the  same  distance ;  mark  ihe  second 
divisian ;  then  haying  moved  the  division-plate  through  a 
distance  eqnal  to  its  first  dis^dacementy  mark  the  third 
graduation^  and  so  on.  Soppose,  for  example,  that  it  be 
required  to  make  30  divisions  on  the  mle  bd^een  /  and 
d :  select  on  the  pLate  the  circle  corresponding  to  twice  or 
thrice  this  amount,  so  that  the  radius  of  the  chuck  may  not 
be  relatively  too  short,  and  that  the  chain  or  spring  may 
not  act  at  a  disadvantage :  take  the  number  60  for  example. 

The  two  marks  at  d  and  g  on  the  spring  indicate  the 
length  that  corresponds  to  the  straight  line  to  be  divided. 

The  chuck  is  {daced  in  the  lathe  and  reduced  in  diameter 
until  the  half  circumference  is  exactly  equal  to  the  distance 
between  these  two  marks  on  the  spring,  which  thus  fidl  on 
a  di^neter,  ig,  of  the  chuck. 

The  spring  having  been  fixed  by  its  two  extremities,  the 
slide  with  the  rule  attached  is  placed  in  position,  so  diat  the 
mark  ^  is  on  the  line  a  T;  it  will  be  evident  from  the 
figure  ihat  each  displacement  of  the  division-plate  through 
one-sixtieth  of  its  circumference  will  cause  a  to  advance 
through  one-thirtieth  of  the  space  between /and  d. 

Remarks. — Knowing  the  relation  of  a  diameter  to  the 
circumference  (as  1  :  3'1416),  we  can  determine  the 
diameter  of  the  chuck  at  once  by  calculation. 

Its  form  should  be  a  true  cylinder,  and  it  is  well  to  place 
guides  that  will  prevent  the  spring  or  chain  from  assuming 
a  helical  position. 

The  slide  that  carries  the  rule  should  be  strictly  perpen- 
dicular toaT  ;  and  the  portion  of  the  spring  that  is  not 
cofled  on  the  chuck  should  always  be   parallel    to    this 

slide. 

The  chuck  and  spring  must  be  quite  clean  and  smooth^ 
and  the  latter  should  be  very  pliable.  A  greater  weight 
will  be  needed  to  keep  the  spring  stretched  than  will  suffice 
for  a  chain,  and  it  must  be  increased  as  the  strength  of 
spring  is  greater. 
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The  glide,  y/,  may  simply  travel  over  a  horizontal  surface 
between  pins  planted  in  two  parallel  lines.  Bat  it  would  be 
preferable  to  adopt  some  other  method,  for  instance,  to 
make  this  piece  (f,  fig.  11)  travel  with  a  little  Motion  along 
a  perfectly  true  cylindrical  rod. 

47.  Third  Method. — ^This  is  merely  an  application  of 
the  arrangement  mentioned  in  paragraph  44.  It  wiU  be 
seen  in  paragraph  414,  that  the  mandril  can  be  employed 
for  marHng  off  a  series  of  equidistant  points  in  a  straight 
line.  Knowing  the  pitch  of  the  slide-rest  screw,  determine 
the  distance  apart  in,  say,  millimetres,  of  the  required 
divisions,  and  fix  the  rule  perfectly  flat  on  the  face-plate, 
which  must  be  rendered  immovable  by  any  convenient 
means.  Then  mark  the  first  point  with  the  drill-stock, 
described  in  article  414.  Advance  the  screw  by  the  amount 
previously  determined  upon  and  mark  the  second  point. 
After  withdrawing  the  drill,  again  advance  by  the  same 
amount,  and  mark  the  third  point,  &o.  Always  be  careful, 
before  making  the  first  mark,  that  the  screw  has  already 
travelled  some  distance  in  the  direction  it  wUl  continue  to 
move,  so  as  to  avoid  backlash,  or  loss  of  time. 

TO   SUBDIVIDE   A   CIRCLE. 

48.  To  divide  the  circumferenoe  into  equal  parts.— 

After  having  drawn  the  circle,  a,  fig.  8,  plate  XI.,  draw 
two  diameters,  da,  b  Cy  at  right  angles  to  each  other, 
dividing  the  circle  into  four  equal  parts.  Join  the  points, 
c,  a,  and  divide  the  line,  c  a,  accurately  into  nine  equal 
parts. 

Draw  a  series  of  circles  concentric  with  the  first,  at  dis- 
tances apart  equal  to  one  of  the  divisions  of  c  a,  and  to  the 
number  of  one,  two,  three,  &c.,  according  as  it  is  required  to 
subdivide  the  circle,  say  for  a  pinion,  into  seven,  eight, 
nine,  &c.,  equal  parts. 
^   With  a  fine-pointed  compass^  measure  off  the  radius  of 
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the  initial  circle  a.  Placing  one  point  of  the  compass  at 
^,  the  other  point  will  give  the  position  of  the  next  leaf,  and 
so  on,  all  round  the  circumference.  If  the  innermost  circle 
A  be  selected  for  sub-division,  six  divisions  will  be  obtained, 
and  there  will  be  one  more  division  for  each  larger  circle. 

The  operation  will  be  facilitated  by  selecting  the  first 
circle,  so  that  the  line  a  c  contains  exactly  nine  divisions 
equal  to  those  of  some  scale  that  is  accessible.  Such  a  circle 
can  be  easily  found,  by  first  drawing  the  two  diameters, 
laying  the  scale  in  the  direction  c  a,  and  determining  by 
trial  the  radius  for  which  the  first  and  ninth  divisions 
correspond  to  a  and  c  respectively. 

49.  To  divide  a  surface  into  rings  of  equal  or  pro- 
portional superficial  area.— The  following  solution  is  due 

to  M.  Brocot : — 

Let  a  rf  be  the  radius  of  a  circle  (fig.  12,  plate  XI.) 
that  is  required  to  be  subdivided  into  four  rings  of  equal 
area  by  concentric  circles.  Taking  a  tf  as  a  diameter,  draw 
the  semi-circumference,  ah  d;  accurately  divide  a  d  into 
four  equal  parts,  and  at  each  point  so  obtained,  erect  a  per- 
pendicular. Through  the  intersections  of  these  perpen- 
diculars with  the  semicircle,  draw  a  series  of  concentric 
circles  ;  they  will  trace  out  rings,  1,  2,  3,  4,  that  have  equal 
superficial  areas. 

If  it  be  required  to  divide  the  surface  in  a  given  propor- 
tion, divide  the  line  a  d  according  to  that  proportion. 

The  right-hand  side  of  fig.  12  gives  a  special  application 
of  this  method  to  the  division  into  two  equal  areas  of  the 
interior  of  a  barrel  exclusive  of  the  space  occupied  by  the 
arbor-nut.  If  the  mainspring  accurately  covers  i  e  when 
wound  up,  and  ij  when  unwound,  it  will  give  the  greatest 
possible  number  of  turns.  (See  Treatise  on  Modern  Horology^ 
p.  667.) 

TIME. 


^ 


Local  and  Q-reenwich  time. — Greenwich  time,  often 
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called  '*  railway  "  time,  is  now  universally  used  in  this  country ; 
but  it  may  be  conrenient  for  reference  that  a  few  words  of 
explanation  be  here  given  as  to  the  difference  between  it  and 
the  local  time  of  any  given  place,  as  well  as  the  manner  in 
which  either  may  be  ascertained  firom  the  other.  The  reader 
who  is  desirous  of  obtaining  further  information  in  regard 
to  time  must  be  referred  to  works  on  Astronomy. 

The  earth  revolves  once  in  24  hours,  so  that  each  of  the 
860  meridians  or  degrees  of  longitude  passes  over  the  zenith 
or  point  in  the  heavens  above  Greenwich  or  any  given  place 
in  this  period.  In  24  hours  there  are  24  x  60  or  1,440 
minutes,  so  that  the  interval  between  the  passage  of  one 

meridian  and  the  next  will  be  -— —  or  4  minutes. 

360 

A  degree  of  longitude  measures  69  miles  on  the  earth's 

sur&ce  at  the  equator,  and  is  divided,  like  an  hour,  into  60 

minutes,  and  each  minute  into  60  seconds.    Thus : — 

1  degree  of  longitude  corresponds  to  4  minutes  of  time. 
1  minute  „  „  4  seconds      „ 

1  second  „  „  1-1 5th  sec.     „ 

or  0-066    „       „ 

Thus  it  happens  that,  at  a  town  1  degree  to  the  east  of 
Greenwich,  the  sun  will  be  visible  4  minutes  sooner,  and  if  to 
the  west  4  minutes  later  than  at  that  place.  The  ^Mocal  ** 
time,  therefore,  at  the  first  town  will  be  4  minutes  in 
advance  of  Greenwich,  and,  at  the  second,  4  minutes  behind 
the  Greenwich  time. 

61.  To  ascertain  the  difference  between  the  local  time 

at  two  places* — The  meridian  of  Greenwich  is  always  to  be 
taken  as  a  starting-point. 

Find  by  means  of  a  map  or  the  index  to  an  atlas,  what  is  the 
longitude  of  the  places,  and  consider  each  place  separately  in 
its  relation  to  Greenwich.  Convert  each  degree  of  longitude 
into  4  minutes  of  time,  each  minute  into  4  seconds  of  time. 
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and  each  second  of  longitude  into  1-1 5th  second  of  time. 
Adding  together  these  three  conversions  for  one  place,  we 
have  the  difference  between  its  time  and  that  of  Greenwich  : 
an  advance  if  it  is  to  the  east,  and  a  retardation  if  it  is  to 
the  west.  Repeat  the  operation  with  regard  to  the  second 
place.  If  both  are  to  the  east  or  both  to  the  west  of 
Greenwich  the  difference  in  local  time  will  be  given  by 
subtracting  the  less  from  the  greater  ;  if  one  is  to  the  east 
and  the  other  to  the  west,  the  difference  is  given  by  adding 
together  the  two  local  times. 

Example. — ^What  is  the  local  time  at  Dublin,  Edinburgh 
and  St.  Petersburg :  also  find  the  difference  between  that  of 
Dublin  and  each  of  the  other  towns. 

Their  longitudes  are : — 

Dublin  ....    6°  20'  west  of  Greenwich. 
Edinburgh      .     .    8°    11'    „      „        „ 
St.  Petersburg     .    30°  19'  east    „        „ 

Converting  these  into  time,  we  find — 

Longitude  of  Dublin  corresponds  to  6  x  4  min.  +  20  x  ^ 
sec,  or  25  min.  20  sec. 

Longitude  of  Edinburgh  corresponds  to  3  x  4  min.  +11 
X  4  sec,  or  12  min.  44  sec. 

Longitude  of  St.  Petersburg  jcorresponds  to  30  x  4  min.  -h 
19x4  sec,  or  121  min.  16  sec. 

Dublin  and  Edinburgh  are  both  west  of  Greenwich  ;  the 
difference  in  their  local  times  is,  then,  obtained  by  sub- 
trading  12  min.  44  sec.  from  25  min.  20  sec,  the  result 
being  12  min.  36  sec. 

Dublin  and  St.  Petersburg  are,  however,  respectively  to  the 
west  and  east  of  Greenwich,  so  that  their  local  times  differ 
by  an  amount  equal  to  the  sum  of  their  local  times,  which 
are  25  min.  20  sec,  and  121  min.  16  sec.  The  difference  is, 
then,  2  hours  26  min.  36  sec 

52.  To  ascertain  true  time. — Greenwich  time  signals 
are  becoming  daily  more  and  more  extensively  distributed 
throughout  the  kingdom,  so  that  in  most  large  towns  true 
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time  can  be  obtained  without  difficulty  ;  and^  in  the  smaller 
towns,  the  railway  companies  genersJly  telegraph  time  to 
their  stations  at  least  once  a  week.  But  such  sources  of 
information  are  not  sufficient,  and  it  is  obviously  of  the  first 
importance  that  every  watchmaker  should  have  at  hand  a 
certain  means  of  controlling  his  regulator  as  often  as  may 
be  requisite.  Astronomers  ascertain  noon,  that  is  to  say  the 
time  of  the  sun's  crossing  the  meridian  of  the  place,  by 
means  of  the  transit  instrument,  a  large  telescope  that  is 
set  so  that  it  can  only  rotate  in  the  plane  of  the  meridian  ; 
bat  such  a  method  would  obviously  be  unsuitable  for  the  use 
of  watchmakers,  if  only  on  the  ground  of  expense. 

53.  The  DipUidoscope. — ^To  supply  a  substitute  for  the 
transit  instrument,  Mr.  Bloxam  designed  this  instrument, 
which  is  manufactured  by  Messrs.  E.  Dent  &  Co. ;  a  very 
brief  account  of  it  must  here  be  given. 

Two  plane  reflectors  and  a  plate  of  glass  arranged  to  form 
an  equilateral  prism,  the  two  reflecting  surf acesbeing  turned 
inwards,  are  so  placed  that  the  light  of  the  sun  falling  on 
the  plate  of  glass  is  partly  reflected  and  partly  transmitted 
so  as  to  be  reflected  by  the  two  reflectors  successively,  and 
then  again  pass  through  the  glass  to  be  received  in  the  eye 
of  the  observer.  It  may  be  shown  that,  if  the  angle 
between  the  incident  rays  and  the  plate  be  exactly  60^  in 
this  instrument,  the  two  images  thus  produced  will  exactly 
coincide  ;  but  if  it  differ  by  even  a  very  slight  amount  they 
appear  distinct.  If,  therefore,  the  instrument  be  so  placed 
that  the  sun's  light  falls  at  this  angle  at  the  instant  of 
crossing  the  meridian,  this  instant  can  always  be  ascertained 
by  merely  observing  when  only  one  image  is  visible. 
Knowing  local  noon,  true  Greenwich  noon  can  easily  be 
calculated  from  it  by  the  aid  of  tables.  The  necessary 
observation  is  extremely  simple,  and  its  correctness  depends 
solely  on  the  accuracy  with  which  the  instrument  is  adjusted, 
and  on  the  care  with  which  the  reading  is  taken.  True 
time  can  be  determined  to  within  a  second  by  this  means. 
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PART    IL 

MATERIALS  EHPLOTED  IN  HOROLOGT ;  THEIR  PREPARA- 
TION, TREATKEHT  AHD  APPLICATIOH. 


Metals  and  Alloys. 


IRON. 

54*  Iron  ig  an  elementary  body,  that  is  to  say  it  cannot 
be  decomposed.  It  is  the  most  tenacious  of  the  metals^ 
having  a  breaking  strain  of  about  75  kil.  per  sq.  mm.  (or 
106,000  lbs.  per  sq.  inch)  of  section.  Two  pieces  can  be 
perfectly  welded  together  when  raised  to  a  white  heat. 

In  the  smaller  horological  appliances,  the  metal  is  not 
employed  except  after  conversion  into  steel.  In  common 
clocks  it  is  used  from  motives  of  economy,  for  forming  pins, 
screws,  &c.  In  turret  clocks,  however,  considerable  use  is 
made  of  it,  many  of  the  parts  after  they  are  formed  being 
cemented,  that  is  to  say,  having  their  surface  rendered  hard 
in  a  manner  subsequently  indicated  (65). 

Such  a  mode  of  manufacture  is  particularly  applicable  to 
pieces  that  are  subjected  to  a  constant  succession  of  impacts  ; 
their  hardened  steelified  surface  resists  wear,  while  the  iron 
core  affords  security  against  rupture. 

It  is  important  to  carefully  distinguish  the  cases  in  which 
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iron  is  preferable  from  those  in  which  its  substitution  for 
steel  serves  merely  to  augment  the  profits  of  the  manu- 
facturer. 

The  fracture  of  a  good  piece  of  iron  is  characterized  by 
long  twisted  fibres  of  a  brilliant  white  colour. 

If  heated  frequently  or  carelessly,  the  quality  of  the  metal 
is  impaired — ^it  ceases  to  be  fibrous  and  loses  its  tenacity :  in 
this  condition  it  is  said  to  be  burnt 

It  is  better  to  work  with  a  wood  fire,  as  coal  acts  more 
rapidly  in  rendering  the  metal  brittle.  Cold  hammering, 
or  ^^hammer-hardening,"  also  makes  it  brittle  and  diminishes 
its  tenacity,  but  this  is  again  restored  by  a  suitable 
annealing. 

Iron  dissolves  slowly  in  dilute  nitric  acid ;  if  not  diluted, 
this  acid  rapidly  oxidises  it.  Dilute  sulphuric  acid  dissolves 
the  metal  easily,  but  if  concentrated,  it  has  no  action  in  the 
cold,  whereas,  on  heating  to  ebullition,  the  iron  is  dissolved 
with  evolution  of  sulphurous  acid  gas.  It  is  also  dissolved 
by  hydrochloric  acid,  or  aqua  regia  (155). 

Iron  is  less  magnetic  than  steel,  especially  hardened  steel, 
which,  owing  to  its  great  coercive  force,  is  magnetized  with 
greater  difficulty,  but  retains  its  magnetism  for  a  longer 
period.  Indeed,  soft  trariy  if  properly  prepared,  can  be 
magnetized  and  demagnetized  instantaneously. 

Some  workmen  can  distinguish  iron  frx)m  steel  by  the 
musical  note  emitted  on  striking.  A  more  certain  method, 
however,  consists  in  using  dilute  nitric,  or  sulphuric  acid. 
If  the  surface  remains  unaltered,  or  nearly  so,  when  touched 
with  a  drop  of  either  add,  the  metal  is  iron,  but,  in  the  case 
of  steel,  a  black  mark  will  be  left,  owing  to  the  liberation  of 
carbon. 

55.  To  remove  rust. — ^The  usual  mode  is  to  rub  the 
object  with  a  piece  of  oiled  rag,  or  emery  paper.  It  appears 
that  more  rapid  and  more  satisfactory  results  are  secured  by 
using  very  pure  petroleum,  and  wiping  with  a  hempen  or 
woollen  rag. 
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56.  To  prevent  rust. — Dip  iron  or  steel  articles  in  a 
mixture  of  equal  parts  of  carbolic  acid  and  olive  oil^  rubbing 
the  surface  with  a  rag.  Others  rub  the  metal  with  a  mer- 
curial ointment,  leaving  a  thin  layer  over  the  entire  surface. 
It  is  stated  that,  if  iron  be  dipped  in  a  solution  of  carbonate 
of  potash  or  soda  in  water,  the  surface  will  be  protected 
against  ruBfc  for  a  long  time,  and  objects  can  be  protected 
for  any  period  by  burying  in  quicklime.  Rubbing  the  sur- 
face with  plumbago  has  a  similar  effect,  and  BarfP  has 
pointed  out  that,  by  exposing  iron  to  the  action  of  steam, 
heated  above  the  boiling  point  of  water,  a  coating  of  mag- 
netic oxide  of  iron  is  formed,  which  is  equally  serviceable. 

57.  To  restore  iron  and  steel  that  have  been  burnt, 

or  badly  forged. — ^When  iron  is  burnt,  or  carelessly  forged, 
it  becomes  crystalline  and  brittle  ;  in  order  to  restore  it 
to  its  original  condition,  a  fresh  and  very  careful  forging  is 
generally  needed.  This  can  be  avoided  by  having  recourse 
to  the  following  method,  suggested  by  Caron:  it  consists 
in  treating  the  metal  somewhat  after  the  manner  adopted  in 
hardening  steel. 

He  experimented  with  a  bar  of  good  iron,  which  was 
easily  bent  when  cold,  without  breaking  or  showing  any 
cracks.  It  was  then  burnt  and  became  brittle  when  cold, 
the  fractured  surface  showing  brilliant  shining  facets. 

Prepare  a  boiling  saturated  solution  of  sea  salt,  heat 
the  piece  of  iron  to  bright  redness,  and  plunge  it  into  the 
bath  until  it  is  of  the  same  temperature  (about  110°  0.  or 
280°  F.)  After  undergoing  this  operation,  it  is  found  that 
the  metal  can  be  easily  doubled  in  the  cold,  exactly  as  it  did 
before  being  burnt. 

Perret  states  that  steel  which  has  been  deteriorated  by 
frequent  hardening  can  be  restored  as  follows  :  Heat  it 
short  of  dull  redness  and  quench  in  melted  tallow,  repeating 
the  operation,  if  necessary,  when  the  steel  may  be  again 
hardened  in  the  ordinary  manner,  and  will  be  nearly,  if 
not  quite,  restored  to  its  original  condition. 
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CAST   IRON. 


68.  This  is  onlj  used  in  the  manu&ctmre  of  tools  and 
large  clocks ;  the  eo^Ioyment  of  cast  iron  wheels  in  the 
striking  train  of  snch  clocks  has  materially,  reduced  their 
price. 

Like  steel  it  is  a  compound  body,  consisting  mainly  of 
iron  and  carbon.  Cast  iron^  however,  differs  from  steel  in 
the  quantity  of  carbon  present^  for  whereas  its  proportion  in 
cast  iron  yaries  from  2  percent,  upwards,  there  is  never,  in 
steely  an  amount  exceeding  1*5  per  cent.,  and  even  0*5  per 
cent,  renders  an  iron  hard,  converting  it  into  ^^  mild  "  steeL 

CSieapnesB  is  not  the  only  argument  in  favour  of  the  use 
of  cast  iron.  In  virtue  of  its  molecular  structure,  this 
material  offers  a  considerable  resistance  to  a  crushing  strain, 
80  that  the  teeth  of  wheels  made  of  carefully  selected  cast 
iron  win  work  for  a  long  time  without  sensible  wear ;  more- 
over, the  founder's  art  has  made  such  important  advances 
that  there  is  no  difficulty  in  casting,  to  a  constant  pattern, 
awheel,  together  with  the  pinion  that  it  carries,  and  any 
oUier  projections,  &c.,  that  may  be  required ;  this  economizes 
labour  to  a  very  great  extent. 

The  use  of  cast  iron  in  the  construction  of  certain  classes 
of  wheels,  and  parts  of  tools,  presents  advantages  which  we 
camiofc  afford  to  ignore ;  but  it  must  be  carefully  observed 
that  this  material  is  not  suitable  in  cases  where  great 
accuracy  in  the  acting  parts  is  required,  as  it  cannot,  like 
braas  and  steel,  be  conveniently  worked  by  the  turning  tool 
or  file.  In  recent  years,  however,  tiiis  difficulty  has  been 
overcome  by  the  introduction  of  what  are  termed  '^malleable 
castings,"  produced  as  follows : — 

69.  Malleable  castings.— The  object  is  first  made  of 
ordinary  cast  iron,  and  the  invention  consists  in  rendering 
this  malleable  by  the  removal  of  the  carbon  that  has  served 
the  very  important  purpose  of  rendering  the  metal  fusible. 
In  large  cast-iron  pots,  the  castings  are  laid  with  alternating 
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layers  of  powdered  red  haematite,  and  the  whole  is  kept  at  a 
temperature  of  about  900°  C.  (1,650°  F.),  or  cherry-red  heat, 
for  72  hours.  On  cooling,  the  castings  are  found  to  consist 
of  nearly  pure  iron  and  to  be  perfectly  malleable,  and,  there- 
fore, workable. 

STEEL. 

60*  The  treatment  of  steel  involves  some  of  the  most 
prolonged  and  delicate  operations  in  the  entire  range  of 
horology.  If  the  metal  is  badly  selected  and  prepared  the 
working  of  it  will  be  laborious,  difficult  and  unsatisfactory  ; 
the  resulting  object  will  be  distorted  in  the  hardening  and 
will  not  harden  uniformly ;  in  short,  it  will  occasion  much 
toil  and  loss  of  time  with  very  little  success. 

Let  the  young  watchmaker  accustom  himself  from  the  first 
to  study  the  steel  that  he  uses,  so  that  he  may  be  thoroughly 
cognizant  of  both  its  advantages  and  defects  ;  he  will,  in  the 
practice  of  his  art,  be  amply  repaid  for  the  brief  time  spent 
in  making  such  an  examination. 

6L  Steel  is  not  an  elementary  body;  it  is  usually  regarded 
AS  a  carbide  of  iron,  that  is  to  say  a  combination  of  carbon 
and  iron.  Analysis,  however,  proves  other  substances  to  be 
usually  present  in  almost  infinitesimal  quantities ;  their 
remarkable  influence  on  the  physical  properties  of  the  metal 
has  not  yet  been  fully  investigated,  but  much  attention  is 
being  devoted  to  them  at  the  present  day. 

The  varieties  of  steel  are  very  great.  What  are  known 
sa  puddled  and  natural  steel  are  obtained  by  acting  directly 
on  cast  iron.  Cementation  is  a  very  old  method  of  convert- 
ing bars  of  malleable  or  pure  iron  into  steel  by  enclosing 
them  in  charcoal  and  heating  the  whole  for  several  days 
until  the  carbon  has  worked  itself  into  the  centre  of  the 
bars  in  such  quantity  as  to  convert  the  iron  into  steel. 

The  steel  obtained  by  the  above  method  is  very  hetero- 
geneous ;  in  other  words,  the  composition  is  not  uniform 
throughout  a  given  block  or  bar.    One  part  is  highly  car- 
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boDized,  whereas  another  part,  especially  towards  the  oentre^ 
win  not  be  goffidentlj  so.  The  grainy  although  yery 
&e  in  one  pert,  will  be  more  coarse  in  another  ;  hard 
paarddes  of  pore  cast  iron,  termed  '^  pins,"  are  to  be  met  with 
that  resist  the  action  of  the  grayer  or  the  file  and  giye  rise  to 
czacks  in  the  hardening,  haomiering,  &c.,  and  portions  or 
sometimes  eyen  entire  layers  that  haye  taken  np  no  carbon 
whateyer.  The  differences  in  the  density,  hardness,  malle- 
ability, &C.,  that  can  be  shown  to  exist  at  different  points  in 
the  same  bar  arise  from  this  canse. 

Soch  &nlt8  can  in  part  be  corrected  by  shearing^  an 
operation  whidi  consists  in  binding  together  a  number  of 
bars  in  a  bondle,  raising  them  to  a  red  heat  and  beating 
diem  with  sledge  or  steam  hammers  so  as  to  weld  them  into 
one.  The  bar  thns  obtiuned  is  again  heated,  folded  seyeral 
times  on  itself,  again  hammered,  rolled,  &c.,  when  it  is 
termed  shior  steel.  If  these  operations  are  performed  care- 
folly  and  without  a  too  great  heat,  the  quality  of  the  steel 
is  much  impro?ed ;  it  is  more  homogeneous  and  can  be 
worked  with  greater  &cility. 

82.  The  discoyery  of  tfie  earliest  method  of  producing 
etui  steel,  thoroughly  homogeneous,  was  made  by  a  watch- 
maker, B.  Huntsman,  of  York,  and  metal  produced  by  his 
method  is  yery  highly  prized  at  the  present  day.  Many 
other  methods  haye  been  since  introduced,  amongst  which 
maybe  mentioned  the  Bessemer  and  the  Siemens-Martin 
(H-ocesseSy  and  steel  is  now  produced  from  iron  of  yery 
varying  quality,  so  that  the  mark  cast  steel  is  now  far  from 
being  a  guarantee  of  quality.  The  fusion  of  shear  dr  cement 
steel  will  only  secure  a  marked  superiority  in  its  quality 
midcT  two  principal  conditions :  (1)  The  metal  must  be 
carefully  selected,  since  certain  qualities  do  not  intermingle 
thoroughly ;  (2)  Yery  great  care  and  skill  must  be  de- 
voted to  2ML  the  operations,  the  successiye  heatings,  forging, 
rolling,  &c. 

In  short,  in  the  case  of  steel  it  is  exceptionally  true  that 
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we  must  never  accept  the  metal  merely  on  its  own  recom- 
mendation. Whatever  maker's  mark  is  selected,  the  results 
obtained  will  never  be  satisfactory  unless  the  degree  of  hard- 
nesSy  the  elasticity^  cohesive  force^  ^c.^  are  such  as  will  suit 
the  metal  to  the  special  purpose  to  which  it  is  to  be  applied 
as  well  as  to  the  working  it  will  have  to  undergo.  Expert- 
mmt  can  alone  make  us  fully  cognizant  of  the  qicalitiee  of  a 
steel. 

GENERAL   OBSERVATIONS. 

63.  All  steels,  if  of  good  quality  to  begin  with,  will 
deteriorate  if  subjected  too  often  or  too  long  (according  to 
the  character  of  the  metal)  to  the  action  of  either  the  fire 
or  the  hanuner. ,  They  will  become  brittle  and  incapable  of 
hardening,  in  the  end  e?en  reverting  to  the  condition  of 
iron. 

The  quality  of  a  steel  becomes  worse  as  the  number  of 
flaws,  blackish  filaments,  more  or  less  carbonaceous  veins, 
and  occasional  particles  of  pure  iron  in  its  substance  are 
greater ;  as  its  surface  is  cindery,  that  is  to  say  spotted 
with  minute  black  marks  which  become  more  prominent 
after  polishing,  &c. ;  as  its  fracture  presents  an  uneven 
grain,  <&c. 

Such  a  metal  is  found  to  vary  considerably  as  regards 
hardness,  elasticity,  &c.  ;  not  being  uniformly  affected  in 
the  hardening,  it  becomes  difficult  to  work  with  the  file  and 
almost  impossible  to  form  into  a  perfect  cylinder  in  the 
lathe. 

Other  conditions  being  equal,  these  faults  are  character- 
istic of  natural  steel  rather  than  of  the  two  other  varieties. 
At  the  same  time,  if  well  sheared,  it  becomes  very  elastic, 
and  has  the  great  advantages  of  not  being  deteriorated 
under  the  hammer  and  of  being  less  ready  than  the  other 
varieties  to  be  converted  into  iron. 

Rolling,  wire-drawing  and  hammering  occasion  a  mole- 
cular re-arrangement ;  it  is  necessary,  therefore,  to  anneal 
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ihb  metal  from  time  toiime^  as  otherwise  it  becomes  ^brittle 
or  cracks. 

There  is  a  certain  temperature^  corresponding  to  each 
variety  of  steely  which  cannot  be  exceeded  without  the  metal 
being  injuriously  affected  ;  this  temperature  must^  then,  be 
previously  determined. 

The  grain  of  a  piece  of  steel  that  has  been  super-heated 
or  Immt  is  characterized  by  brilliant  diamond-like  particles ; 
the  mass  loses  its  beautifiil  colour,  and  resembles  iron  more 
or  less  according  to  the  degree  of  heat  apphed. 

Some  few  workmen  are  enabled,  by  long  experience  and  a 

very  delicate  touch,  to  judge  approximately  of  the  quality  of 

a  steel  from  its  weight,  feel,  and  resonance.    Metal  that  is 

of  a  good  quality,  homogeneous,  and  very  dense,  they  term 

fuU. 

SPECIAL  OBSERVATIONS. 

64.  Natural  steel. — In  the  case  of  natural  steels  of 
low  quality,  the  fracture  is  usually  characterized  by  uneven 
grains,  a  somewhat  fibrous  nature  and  a  bluish  tint.  The 
grain  becomes  finer  and  more  even  and  the  surface  presents 
more  and  more  the  appearance  of  a  piece  of  coke,  as  the 
quality  of  metal  improves.  In  addition  to  these  distinctive 
features  a  natural  steel  of  high  quality  can  be  distinguished 
by  the  &ct  of  its  being  more  thoroughly  hardened  and  less 
liable  to  break  when  hard. 

In  hardening  it  must  be  raised  to  a  higher  temperature 
than  cement  steel ;  in  other  words,  steel  of  a  low  quality 
must  be  heated  somewhat  above  bright  redness,  while  the 
better  qualities  should  be  heated  to  an  orange-red,  or 
nearly  so  (77)- 

65.  Cement  steel. — ^The  cement  steel  ordinarily  met 
with  has  a  lamellar  fracture,  the  lamellae  varying  in  form 
and  colour  from  the  centre  towards  the  circumference.  The 
grain  is  usually  finer  and  more  uniform  than  that  of  natural 
steel,  there  is  seldom  any  appearance  of  fibres,  veins,  or 
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flaws.  The  colour  of  the  fracture  is  greyish  tending  towards 
blue  in  the  ordinary  qualities. 

The  better  qualities  are  marked  by  a  closer  grain,  a  more 
uniform  dull  greyish-white  colour,  exhibiting  neither  streaks 
nor  black  spots  after  hardening,  and  by  the  further  fact  that 
hardening  can  be  effected  at  a  lower  temperature.  If  of  the 
very  best  quality,  it  should  not  require  heating  beyond  a 
clear  cherry-red  ;  often  even  a  still  less  degree  of  heat  will 
sufSce. 

66.  Cast  steel. — Cast  steel  is  the  most  homogeneous, 
full,  and  beautiful  of  the  three  classes.  Several  varieties 
exist. 

The  fracture  of  cast  steel  as  compared  with  others  is 
smooth,  compact,  and  of  a  white-grey  colour,  resembling 
coke.  The  grain  is  fine  and  very  even.  The  metal  must 
be  hardened  at  a  temperature  much  lower  than  can  be  safely 
applied  to  other  classes  of  steel,  since  it  is  rapidly  deterior- 
ated by  heat. 

Oast  steel  is  more  fusible  than  ordinary  steel,  and  will 
fracture  with  ease  under  the  hammer  when  heated  to  a  blue 
tint,  so  that  great  care  is  essential  in  hammering  it. 

The  metal  should  never  be  heated  beyond  a  dull  or  cherry- 
red  heat,  lest  it  be  burnt. 

The  tenacity  will  be  increased  by  forging  at  a  low  tem- 
perature or  even  by  cold  hammering. 

The  fineness  in  grain,  together  with  its  high  density, 
afford  an  indication  that  the  metal  can  be  rendered  very 
uniformly  hard  ;  that  very  fine  cutting  edges  and  the  most 
minute  rods  can  be  made  of  it ;  and  that,  after  hardening,  it 
can  be  highly  and  uniformly  polished  ;  in  other  words,  that 
it  does  not  exhibit  spots  or  streaks  differing  in  colour  from 
the  mass,  as  is  always  the  case  with  natural  and  cement 
steels. 

For  most  horologlcal  purposes  (such  as  making  pinions, 
staffs,  pivots,  &c.)  cast  steel  is  preferable.  It  is  the  only 
kind  that  can  with  certainty  be  highly  polished,  turned 
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perfectly  ronndy  and  that  does  not  get  distorted  in  the 
smoothing.  MoreoYer,  when  wear  does  occnr  it  exhibits 
less  irregolaritj. 

Hi^y-carfoonized  shear-steel  exhibits  a  fine  dose  grain 
that  woidd  make  it  easily  mistaken  for  cast  steel.  They  can 
be  best  distinguished  by  the  application  of  dilnte  snlphnric 
acid.  The  side  of  the  bar  when  acted  on  by  this  means 
exhibits  lines  that  indicate  the  junctions  of  the  several  layers 
Gonstitnting  shear-steel. 

EXPERIMENTAL    DETERMINATION   OF  THE 
QUALITES   OF   STEEU 

67.  It  is  unnecessary  to  observe  that  as  we  are  writings 
mainly  for  the  use  of  practical  watch  and  clockmakers,  we 
shall  make  no  reference  to  those  elaborate  systems  of  testing 
that  form  a  remarkable  feature  of  the  engineering  of 
tiie  present  day,  but  shall  confine  ourselves  to  the  tests 
which  workmen  can  apply  for  themselves. 

When  the  grain  is  fine,  close  and  homogeneous,  the  frac- 
ture in  even  curved  lines  and  the  surface  of  a  uniform  grey 
aspect,  the  metal  is  considered  to  be  of  good  quality.  It  is, 
neverdieless,  unsafe  to  rely  too  much  on  such  indications,  for 
a  steel  that  has  been  hammered  until  cold  will  exhibit  a  fine, 
close  grain,  whereas  the  grain  of  the  same  metal  will  be 
coarse  and  open  if  it  was  still  red-hot  when  the  hammering 
or  rolling  was  concluded.  The  grain  of  hardened  steel,  more- 
over, depends  on  the  degree  of  heat  to  which  it  has  been 
subjected. 

When  of  equal  quaUty,  even  if  from  the  same  maker,  the 
grain  will  be  finer  in  bars  of  small  dimensions  than  in  those 
that  are  larger. 

Cast  steel  even,  especially  in  large  pieces,  is  not  always 
perfectly  homogeneous,  as  can  be  easily  perceived  on  apply- 
ing the  file,  or  still  better,  in  the  lathe  ;  an  object  can  with 
difficulty  be  turned  perfectly  round,  and  loses  its  shape  in 
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the  smoothing.  As  a  general  rule  it  is  impossible  to  form  a 
reliable  opinion  on  a  specimen  of  steel  until  after  it  has  been 
tvorked,  filed,  turned,  and  tested  according  to  the  particular 
use  to  which  it  is  to  be  applied ;  for  a  steel  that  is  excellent  for 
making,  say,  a  spring  or  a  cutter,  may  be  quite  unsuitable 
and  give  most  unsatisjhctory  results  if  used  for  fnaJcing  staffs 
or  fine  pivots,  or  the  converse  may  be  equally  true. 

As  a  preliminary  test,  break  a  piece  of  the  metal ;  after 
having  examined  the  fracture,  form  a  cutting  edge,  harden 
to  what  seems  to  be  a  convenient  degree,  then  sharpen  and 
employ  for  cutting  small  pieces  of  iron.  If  the  edge  is  in 
no  way  damaged  by  the  iron,  this  may  be  taken  as  a  good 
indication  that  the  metal  possesses  body  and  tenacity,  and 
that  it  can  be  hardened  as  much  as  is  required  for  such 
purpoiies. 

The  following  are  methods  of  obtaining  more  complete 
information  as  to  the  homogeneity,  the  character  of  grain, 
the  degree  of  hardness  a  given  sample  can  attain  ;  as  well 
as  its  malleability,  body,  elasticity,  &c. 

68.  Homogeneity. — Place  drops  of  dilute  sulphuric  acid 
equidistant  along  the  surface  of  a  bar.  If  the  metal  is 
homogeneous  all  the  drops  will  impart  the  same  colour. 

Cold  hammer  or  hammer-harden,  and  then  fire-harden 
part  of  the  bar.  Break  off  the  extremity  in  order  to  study 
the  jfracture  ;  if  the  result  of  this  examination  is  satisfectory, 
polish  the  hardened  end  carefully,  and  with  the  aid  of  a 
glass  again  examine  into  the  homogeneity  of  the  metal. 
The  polish  will  be  the  better  and  more  uniform  according  as 
the  steel  is  more  homogeneous. 

69.  (Jrain.  hardness  and  temperature  of  hardening. 

— All  varieties  of  steel  do  not  harden  to  the  same  degree, 
and  each  requires  to  be  heated  to  its  own  particular  tem- 
perature for  hardening ;  moreover,  the  character  of  the 
metal,  its  colour,  and  the  size  of  its  grains  vary  according 
to  the  degree  of  heat  to  which  it  is  subjected.  It  would  be 
difficult  to  draw  any  exact  conclusions  as  to  the  character 
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of  grain  and  the  hardness  without  the  following  practical 
method,  which  we  owe  to  Reamnnr : — 

At  a  temperature  not  exceeding  a  dull  redness,  forge  a 
piece  of  the  steel  to  be  tested  into  the  form  of  a  raEor-bkde, 
that  it  is  to  say,  leaving  it  thick  on  one  edge  and  thin  on 
the  other,  in  the  direction  of  its  length.  Then  heat  the 
blade,  holding  it  by  one  end,  and  when  the  other  end  has 
reached  a  bright  red  heat,  plunge  the  whole  into  water. 
Part  of  the  steel  will  then  be  hard  hardened.  Alcmg  the 
entire  length  of  the  thinner  edge  carefally  break  off  the 
metal  with  a  hammer  or  otherwise,  and  examine  the  character 
of  grain  at  different  points  of  the  exposed  thicker  edge  thus 
left. 

As  the  form,  colour,  <&c.,  of  the  grain  depend  on  the 
degree  of  heat  to  which  each  portion  was  subjected,  it 
follows  that  we  shall  observe  four  types  of  grains : — 
(1)  Large,  white,  sparkling  grains ;  (2)  Grains  that  are 
medium  sized  and  intermixed,  some  being  white  and 
sparkling,  others  white  and  dull ;  (8)  Fine  duU  grains  ;  and 
(4)  Grains  that  are  medium  sized,  but  dull  and  ill-defined. 

According  as  the  third  class  of  grains  is  observed  to  be 
more  numerous  than  the  second  dass^  so  is  the  fineness  of 
the  steel  greater,  and  conversely. 

This  method  of  testing  possesses,  moreover,  the  advantage 
that  the  workman  can  experiment  on  his  blade  of  steel 
with  a  view  to  determine  the  temperature  best  suited  for 
hardening. 

Generally  : — 

Grain  No.  1  corresponds  to  a  white-red  heat  for  hardening. 

Grain  No.  2  corresponds  to  an  orange-red  heat  for  har- 
dening. 

Grain  No.  8  corresponds  to  some  shade  of  cherry-red  heat 
for  hardening. 

Grain  No.  4  corresponds  to  a  dull  red  heat  for  hardening. 

As  there  is  some  difficulty  in  remembering  the  exact 
points  at  which  these  several  temperatures  are  reached  we 
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will  complete  this  account  of  the  mode  of  testing  by  the 
following  : — 

70.  On  a  thick  plate  of  metal^  maintained  at  an  orange- 
red  heat^  place  three  fragments  of  the  steel  under  examina- 
tion, previously  marking  them,  so  as  to  observe  the  order  in 
which  they  are  immersed  in  water ;  and  have  three  vessels 
of  water  standing  near.  As  soon  as  one  of  the  pieces  reachea 
a  dull  cherry-red  heat,  allow  it  to  slide  into  one  of  the 
vessels ;  heat  the  second  to  a  medium  cherry,  and  the  third 
to  a  bright  cherry-red,  introducing  them  in  succession  into 
the  water  vessels.  If  these  pieces  be  examined  as  to  the 
resistance  they  offer  to  breaking,  and  the  fracture  of  each 
bo  compared  with  the  fracture  at  different  points  of  the 
razor-blade,  the  file  being  used  to  test  hardness,  we  shall 
have  sufficient  evidence  as  to  the  most  suitable  temperature 
for  the  hardening  of  this  particular  variety  of  steel. 

71.  Body. — A  steel  that  possesses  body  is  not  brittle. 
This  quality  may  be  tested  in  the  following  manner: — 
Several  bars  of  different  kinds  of  steel,  of  equal  dimensions 
and  hardened  as  uniformly  as  possible,  are  bent  until  the 
breaking  point  is  reached.  If  all  the  conditions  of  the  trial 
are  identical,  those  bars  that  stand  the  greatest  angular 
deflection  without  breaking  have  the  most  body. 

Steel  that  possesses  body  does  not  break  as  easily  as  that 
which  is  wanting  in  body.  Its  fracture  will  be  as  it  were 
bevelled  oflF  like  the  mouth-piece  of  a  whistle.  If  soft 
and  fibrous,  it  will  be  characterized  by  parts  being  torn, 
asunder. 

72.  Elasticity. — The  elasticity  may  be  tested  in  a 
similar  manner.  It  is  proportional  to  the  curvature  or  to 
the  weight  that  a  rod  or  blade  of  the  metal  under  examina- 
tion can  support  without  faihng  to  return  to  its  initial 
position  as  soon  as  the  weight  or  obstacle  is  removed.  A 
sample  of  steel  that  is  distorted  by  a  weight  that  another 
specimen  resists,  is  evidently  inferior  in  elasticity. 

73.  Malleability,  tenacity,  ductility.— A  cold  ham- 
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mering,  if  carefollj  managed,  will  suffice  to  indicate  the 
limits  between  which  steel  will  support  frequently  repeated 
percussion  without  breaking,  cracking  or  flying. 

Forge  a  piece,  introducing  it  a  number  of  times  into  the 
ifire  in  order  to  ascertain  whether  it  loses  its  distinctive 
characteristics  rapidly,  and  whether  it  can  be  successfully 
forged. 

It  is  more  difficult  to  forge  according  as  it  is  harder  and 
more  **  steely." 

The  degree  of  malleability  is  indicated  by  the  manner  in 
which  it  supports  hammering  and  roUing,  and  by  the  small- 
ness  of  the  dimensions  to  which  it  can  be  brought  by  such 
operations. 

Passing  the  metal  through  a  draw-plate  with  smooth  holes, 
or  tapping  it  in  a  screw-plate  will  give  useful  indications  as 
to  degree  of  ductility  and  tenacity. 

A  metal  is  said  to  be  malleable  when  it  can  be  easily  spread 
out  under  the  hammer  or  in  the  laminating  rolls.  It  is 
called  dicctile  when  it  can  be  reduced  to  very  thin  wire  by 
passing  through  the  draw-plate. 

It  would  seem  that  these  two  properties,  ductility  and 
malleability  should  always  exist  together  to  the  same  degree 
in  any  given  metal,  but  such  is  not  the  case.  Iron  can  be 
drawn  into  very  fine  wire,  but  cannot  be  reduced  to  sheets  of 
relatively  equal  thinness  ;  tin  and  lead  give  leaves  of  ex- 
treme thinness,  but  cannot  be  drawn  out  into  very  fine  wires  ; 
gold  and  silver  are  both  very  malleable  and  ductile,  and  they 
rank  highest  as  regards  the  possession  of  these  properties. 

Steel  is  more  fasible  and  malleable  than  iron  but  less 
ductile. 

74.  Observations. — Formerly  the  makers  of  cylinder 
escapements  preferred  forged  steel,  and  their  cylinders  often 
cracked  after  the  hardening :  modem  makers  employ  drawn 
steel  and  it  is  much  preferable.  At  the  same  time  they  do 
not  appear  to  recognize  the  principal  reason  for  the  difference 
in  the  two  varieties  of  steel.  It  seems  to  us  to  be  as  follows  : 
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forged  steel  is  malleable ;  dra^n  steel,  which  has  passed  well 
through  the  draw-plate,  is  ductile  and  therefore  tenacious. 
But  tenacity  in  a  metal  is  nothing  else  than  an  exceptional 
resistance  opposed  by  its  particles  to  fracture  oi*  separation  ; 
it  follows  then  that  drawn  steel  will  crack  with  less  facility 
than  the  other. 

PREPARATION    OF   STEEL. 

75.  When  a  variety  of  steel  has  been  selected  thafc 
possesses  the  requisite  properties  :  that  is  to  say,  fibre  and 
elasticity  for  springs ;  body  and  tenacity  for  circular  cutters, 
gravers,  &c.,  it  must  be  "  prepared ;"  in  other  words  it 
must  be  made  so  that  it  can  be  worked  with  ease,  for  steel 
that  is  badly  prepared  will  resist  both  the  file,  the  graver 
and  the  drill.  It  can  never  be  turned  perfectly  round,  and 
will  harden  unevenly. 

76.  To  anneal  steel. — ^The  commonest  and,  at  the  same 
time,  best  method  consists  in  heating  the  metal  to  a  dull  red 
heat,  burying  it  in  hot  ashes  and  allowing  it  to  cool  slowly. 

Steel  raised  to  a  red  heat  in  contact  with  air  loses  a  portion 
of  its  carbon,  so  that  it  is  better  to  place  the  metal  in  a  vessel 
of  burnt  clay  ;.this  is  introduced  into  a  fire  which  must  not 
be  too  bright  at  first,  and,  when  the  vessel  has  attained  a 
red  heat,  the  fire  is  checked  and  left  until  the  whole  is  quite 
cold. 

In  order  to  soften  steel  by  annealing  with  a  view  to  work 
it,  engineers  entirely  cover  the  metal  with  dry  powdered  wood 
charcoal  or  dry  iron  filings  or  turnings  in  a  cast-iron  box  or 
pot  or  in  a  crucible,  luting  up  all  the  openings  so  as  to  protect 
it  from  the  direct  action  of  the  fire  and  from  the  air.  The 
vessel  is  then  put  in  a  dull  fire,  the  heat  being  gradually 
raised  until  the  whole  has  acquired  the  requisite  tempera* 
ture,  which  is  known  by  observing  the  colour  (see  the  table 
opposite)  ;  this  degree  of  heat  is  maintained  for  about  ten 
minutes  and  the  fire  quenched,  after  which   it  must  be 
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allowed  to  gradaally  die  out.  Frequently  the  cooling  is  not 
complete  for  a  day  or  two,  and  even  more  when  the  crucible 
is  of  large  dimensions. 

The  metal  will  become  softer  according  as  the  cooling  is 
the  more  slowly  effected.  It  is  generally  heated  to  800^  or 
900°  C.  (1500°  or  1600^  F.),  a  cherry-red  heat.  When  the 
steel  is  associated  with  brass,  as  in  the  case  of  a  compensa- 
tion balance,  it  is  not  safe  to  exceed  600°  C.  (1000«>  F.). 

77.  It  will  be  useful  here  to  give  the  following  table, 
compiled  by  Pouillet,  of  the  temperature,  as  indicated  by 
the  air-thermometer,  corresponding  to  various  colours  of  a 
heated  body: — 

Incipient  red  heat  corresponds    to  525°C.  (980®F.) 

Dull   red              „  „  „  700^0.  (1290°F.) 

Incipent  cherry-red  heat  „  „  800°C.  (1470°F.) 

Cherry-red            „  „  „  900°C.  (1650^F.) 

Clear  cherry-red    „  „  „  1000°C.  (1830°F.) 

Deep  orange         „  „  „  1100°C.  (2010°F.) 

Clear  orange         „  „  „  1200^0.  (2190°E.) 

White                   „  „  „  ISOO^C.  (2870°F.) 

Bright  white         „  „  „  1400°C.  (2550°F.) 

Dazzling  white      „  „  1500-1600°C.(2780-2910°F.) 

78.  Annealing  or  softening  in  water. — Instead  of  allow- 
ing a  piece  of  steel  to  cool  slowly,  it  may  be  thrown  into 
water  when  heated  to  a  temperature  just  below  that  at  which 
it  would  harden.  In  this  case  the  metal  will  not  harden  but, 
on  the  contrary,  it  will  become  very  soft.  A  single  opera- 
tion suffices  for  certain  varieties  of  steel,  but  with  others  it 
must  be  repeated. 

The  only  difficulty  consists  in  fixing  upon  the  precise 
moment  at  which  the  metal  has  the  requisite  tint  (a  purplish 
yellow  or  dull  red),  and  this  is  more  especially  felt  when 
dealing  with  small  pieces;  experience  can  alone  guide  the 
workman  in  this  matter. 

A    skilful   workman  recommends  the   employment    of 
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water  containing  one-fifth  of  its  weight  of  gum  arabic.  He 
also  recommends  that  the  metal  be  wiped  over  with  an  oiled 
rag,  then  held  in  the  fire,  and  as  soon  as  the  oil  is  converted 
into  a  thick  smoke  and  is  on  the  point  of  igniting,  to 
immerse  in  water, 

79.  Hammering  steel. — Watchmakers,  who  are  called 
upon  to  manipulate  exceedingly  small  pieces  of  steel,  can 
somewhat  increase  the  body  and  homogeneity  of  the  metal  by 
a  cold  hammering.  After  annealing,  the  object  is  hammered 
with  light,  uniform  blows,  again  annealed,  and  the  same 
operation  is  repeated  one  or  more  times,  according  to  the 
degree  of  malleability  already  acquired  by  the  metal.  Steel 
thus  prepared  has  more  body ;  the  particles  composing  it  are 
more  closely  pressed  together ;  it  files  and  turns  well,  can 
be  heated  more  evenly,  and  is  not  distorted  or  only  very 
slightly  in  hardening,  providing  the  requisite  precautions 
are  taken. 

80.  The  hammer  and  anvil, — It  is  important  that  in 
these  operations  the  surfaces  of  the  hammer  and  anvil 
employed  be  perfectly  smooth  and  even  polished.  If  they 
are  at  all  rough  or  cracked,  if  they  are  uneven  or  have  a 
grainey  surfece,  a  flaw  will  be  produced  in  the  body  of  the 
steel  or  a  crack  on  its  surface. 

81.  To  clean  rough  steel. — ^The  black  coating,  known 
as  "  scale,"  which  covers  the  surface  of  the  metaJ  after  it 
has  been  in  the  fire,  will  rapidly  spoil  gravers  and  files,  and, 
in  addition  to  this,  it  leaves  behind  in  them  excessively  bard 
particles  that  will  become  embedded  in  the  steel  itself  after 
s  clean  surface  has  been  exposed.  It  is  then  essential,  in 
order  to  ensure  good  and  rapid  workmanship,  to  previously 
remove  this  crust  from  the  surface. 

This  can  be  done  in  two  ways :  by  using  a  rapidly- 
revolving  grindstone,  which  instantaneously  removes  the 
oxide,  at  the  same  time  smoothing  the  surface  of  the  steel ; 
or  by  leaving  it  for  a  sufficient  length  of  time  in  dilute  acid, 
by  which  the  superficial  oxide  is  dissolved. 
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Sulphuric  acid  is  usually  preferred ;  in  addition  to  the 
cleaning,  it  is  said  to  produce  an  effect  somewhat  similar  to 
annealing.  On  withdrawal  irom  the  acid,  the  steel  must  be 
thoroughly  washed  with  water  and  wiped  dry  with  care, 

82.  Ordinary  mode  of  preparing  steel— When  the 

metal  has  been  annealed  by  one  of  the  methods  indicated 
above,  its  preparation  is  completed  by  the  "pickling"  in 
acid,  after  which  it  is  hanunered  cold  between  an  anvil  and 
hammer  (79,  80).  When  the  metal  has  been  worked,  it  is 
heated  to  a  bluish  tint,  and  after  cooling  slowly  is  ready  for 
the  hardening. 

83.  M.  Covillofs  mode. — ^This  author  adopts  a  method 
whereby  he  obtains  steel  that  is  very  soft  to  work  and 
perfectly  free  from  hard  grains  or  "pins"  of  cast  iron, 
which  are  so  often  to  be  met  with  in  steel,  causing  it  to 
crack  in  consequence  of  their  inability  to  spread  under  the 
hanmier. 

Take  some  garlic,  the  younger  the  better,  mix  it  with 
sufficient  good  walnut-oil  to  cover  the  garlic  and  form  into 
a  paste  ;  then  place  it  in  an  earthenware  pot  on  the  fire. 
When  beginning  to  boil,  heat  the  steel  to  dull  redness 
and  plunge  into  the  boiling  paste.  Withdraw  it  with 
a  quantity  of  oil  and  garlic  adhering ;  again  heat  to  red- 
ness and  plunge  into  the  paste.  This  operation  may  be 
repeated  two  or  three  times.  Then  heat  the  steel,  while 
enclosed  in  an  iron  tube  or  box  placed  on  the  fire,  and  allow 
the  whole  to  cool.  Finally,  the  steel  may  be  finished  by 
setting  it  to  cook  (if  we  may  use  such  an  expression)  for 
ten  or  twelve  hours  in  the  composition  of  garlic  and 
nut-oil. 

This  last  operation  may  be  performed  by  setting  the 
boiling  solution  over  an  oil-lamp,  after  depressing  the 
wick  in  such  a  manner  that  the  paste  may  be  kept  just 
simmering. 

M.  Covillot  employed  the  same  mixture  for  hardening  the 
objects  ;  but  then,  of  course,  it  must  be  cold. 
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HARDENING; 

84.  It  is  well  known  that  by  the  operation  of  hardening, 
which  consists  in  heating  a  piece  of  steel  to  a  red  heat  and 
immediately  chilling  it^  the  hardness  is  very  materially 
increased. 

Hardening  increases  the  dimensions  of  the  object.  A  steel 
collar  adjusted  to  fit  a  cylinder  will  slide  on  more  easily 
after  hardening. 

Rolled  steel  is  more  liable  to  be  distorted^  in  the  hardening 
than  metal  which  has  been  forged  or  hammer-hardened.  As 
a  general  rule,  when  steel— especially  cast  steel — ^has  been 
carefdlly  annealed,  cold-hammered  and,  after  working,  heated 
to  a  bine  temper  and  slowly  cooled,  it  will  not  be  distorted 
in  the  hardening,  providing  the  heating  is  skilfully  con* 
ducted,  and  if,  at  the  moment  of  introducing  the  object 
vertically  into  the  bath,  the  heat  is  evenly  distributed 
throughout.  Some  practical  men  affirm  that  the  mere  pre* 
sence  of  an  oily  layer  on  the  surfiice  of  the  water  will  check 
the  tendency  to  distortion. 

A  workman  frequently  pretends  that  he  has  some  excep* 
tionally  good  solution  for  hardening,  of  which  a  great  mystery 
is  often  made ;  but  it  is  very  generally  admitted  by  those 
who  are  well-informed  that  these  so-called  secrets  are  a  delu* 
sion  and  in  no  sense  superior  to  pure  water.  There  is  a  certain 
amount  of  truth  on  both  sides,  and  the  former  class  are 
somewhat  justified  by  experiments  with  the  various  solutions 
enumerated  below.  We  may,  however,  lay  down  the  three 
following  conditions  as  essential  to  the  successful  conduct  of 
the  operation  of  hardening  : — (1)  The  steel  must  previomly 
le  carefully  prepared  and  worked ;  metal  that  has  been  skil- 
fully hammered  cold  or  below  a  red  heat,  for  instance,  will 
harden  better  than  when  not  so  treated  ;  but  if  hammered 
too  much  or  carelessly,  it  will  crack  ;  (2)  The  method  of 
heating  should  be  such  that  the  heat  is  evenly  distributed 
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throngfaont  the  object ;  if,  on  immersioiiy  its  t^nperatiire  is 
not  nnifonn,  the  degree  of  hardness  will  vary ;  (3)  Tks  skill 
iffht  workman  most  enaUe  him  to  detect  Uie  exact  d^;iee 
of  heat  the  Tariety  of  steel  can  withstand,  and  this  mnst  on 
no  acoonnt  be  exceeded,  for  in  that  case  the  steel  will  lose 
tenacity,  will  be  more  or  less  humt,  &c.  In  the  case  of 
irr^nlar-shaped  articles,  oonsideraUe  skill  is  also  often 
needed  to  ensure  that  the  several  parts  of  the  mass  shall  be 
cooled  at,  app'oximately,  the  same  rate. 

85.  Methods  of  hardening.— The  baths  used  fw 

hardening  may  be  classed  nnder  three  heads :  Tough^  Hardy 
and  Gkus-hard.  It  most  be  understood,  however,  that  these 
classes  may  be  made  to  merge  more  or  less  into  one  another, 
by  varying  the  degree  of  temper  (88).  The  following 
receipts  are  drawn  from  varions  sources,  and  the  reader  is 
recommended  to  select  the  one  which  he  finds  on  trial  to  be 
best  adapted  to  his  requirements,  for,  as  Prof.  Akerman  has 
pointed  out,  there  are  very  many  conditions  exceedingly 
difficult  of  calculation  that  influence  hardening,  and  hence 
it  follows  that  a  workman  accustomed  to  hardening  often 
considers  that  only  one  method,  which  he  has  been  in  the 
habit  of  employing,  can  be  used  for  a  certain  purpose,  while 
another  equally  skilfdl  workman  can  only  attain  the  same 
result  by  a  method  essentially  different. 

I.  Tough. — Tallow ;  tepid  water ;  oil ;  resin  ;  sealing- 
wax  ;  lead ;  beeswax ;  a  solution  of  3  to  4  parts  (by  weight) 
of  gum  arable  in  100  parts  of  water  ;  1  part  of  soft  soap 
in  100  parts  water  ;  cold  water  with  a  layer  of  oil  over  it, 
the  thickness  of  which  varies  with  the  degree  of  hardness 
required  ;  10  parts  mutton  suet,  5  parts  resin,  2  parts  sal- 
anmioniac,  and  35  parts  olive  oiL 

II.  Hard. — Cold  water ;  water  containing  various  salts, 
such  as  sal-ammoniac  and  sea-salt ;  a  solution  of  5  parts 
sea-salt  and  1  part  sal-ammoniac  in  20  parts  of  water ;  4 
parts  sulphuric  acid,  50  parts  sea-salt,  10  parts  alcohol,  and 
1^000  parts  water  (all  by  weight)  ;  4  parts  sulphuric  acid,  1 
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part  nitric  acid,  1  part  pyroligneous  acid  in  1,000  parts  water 
(to  be  used  very  cold). 

III.  Glass-hard, — Mercury  ;  nitric  acid  ;  opium  ;  any 
cyanide. 

86.  As  a  rule  it  is  well  to  employ  tallow  for  the  hardening- 
of  small  objects  in  which  hardness  without  brittleness  is 
needed.  Oil  renders  the  surface  harder  than  the  interior,, 
and  soapy  water  has  the  same  efPect.  Saline  solutions 
generally  give  great  hardness.  Very  minute  drills  may  be- 
hardened  by  simply  whisking  them  about  in  the  air  after 
heating  the  blade  to  redness,  and  small  objects  may  be- 
hardened  by  pressing  between  two  cold  surfaces,  as  those  of 
the  hammer  and  anvil. 

If  hardened  in  nitric  acid,  opium,  or  mercury,  the  hard- 
ness of  steel  is  so  great  that  it  will  easily  cut  glass.  But 
such  steel  is  brittle  and  all  the  more  delicate  according  as- 
the  precise  temperature  necessary  (which  is  not  very  high) 
has  been  exceeded.  For  it  must  always  be  borne  in  mind 
that  steel  which  has  been  heated  too  highly  has  deteriorated 
in  quality  and  will  remain  brittle. 

Certain  special  methods  of  hardening  will  be  found  in  the 
Treatise  on  Modern  Horology,  to  which  we  refer  the  reader. 
These  are  :— 

To  harden  a  cylinder,  p.  268  ;  a  cylinder  escape-wheel? 
p.  288 ;  a  chronometer  balance-spring  (Houriet's,  Motel's, 
Eoz6's,  and  other  methods),  p.  770. 

87.  Precautions  to  be  observed  in  hardening.— Iq 

the  case  of  delicate  pieces  it  is  necessary  to  avoid  the  use  of 
the  blow-pipe,  as  the  current  of  air  causes  the  surface  to- 
scale,  and,  as  is  well  known,  the  metal  being  unevenly  heated 
will  be  distorted  in  the  hardening,  and  will  not  be  uniformly- 
hardened. 

It  is  better  to  enclose  the  article  between  two  pieces  of 
ignited  charcoal,  or  in  a  metal  tube,  or  to  bring  it  in  contact 
with  a  sufficiently  hot  piece  of  metal,  &c.  /An  excellent 
plan  is  to  heat  the  article  in  a  bath  of  hot  lead,  or  of  lead 
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and  tin  in  proportions  dependent  on  the  temperature 
required.  The  heating  is  thus  exceedingly  uniform^  and» 
if  operating  in  a  dark  room,  the  temperature  can  be 
accurately  judged. 

When  it  is  required  to  harden  an  object  without  dis- 
colouring the  surface  or  destroying  the  polish,  it  may  be 
placed  in  a  tube,  and  completely  surrounded  with  powdered 
wood  charcoal  or,  preferably,  animal  charcoal.  The  whole 
after  being  heated  is  plunged  in  water  without  the  steel 
being  in  any  way  exposed  to  the  air.  The  powder  must  be 
heaped  up  as  a  precaution  against  access  of  air.  On  being 
taken  from  the  water,  the  steel  is  at  once  placed  in  alcohol, 
and  if  at  all  dull  it  will  generally  be  only  necessary  to  rub 
the  surface  with  a  little  rouge. 

It  is  essential  that  the  animal  charcoal  be  previously 
heated  in  order  to  expel  moisture,  as  otherwise  it  would 
adhere  to  the  surface  and  produce  marks  and  even  irregularity 
in  the  hardness. 

As  a  rule  the  object  must  be  immersed  in  the  cooling 
liquid  verticaUy  in  the  direction  of  its  greatest  length,  and 
if  of  unequal  thickness  the  stout  portion  should  touch  the 
surfiace  first,  so  that  the  metal  may  cool  more  uniformly. 
In  hardening  large  masses  of  steel,  various  devices  are 
resorted  to  in  order  to  ensure  uniformity  in  the  cooling,* 
but  space  prevents  us  from  entering  more  fiiUy  into  this 
interesting  question. 

The  vessel  must  be  of  such  a  depth  that  the  object  will 
not  reach  the  bottom  until  quite  cold.  It  is  liable  to  distor- 
tion if  introduced  sideways,  or  if  the  vessel  is  too  shallow. 

The  method  described  above  for  protecting  the  surface 
from  the  action  of  the  fire  should  be  adopted  when  hardening 
delicate  or  complicated  articles ;  but  in  the  case  of  drills,  for 
instance,  a  simple  coating  of  one  of  the  following  prepara- 
tions is  sufficient. 


*  £do  :  JfanaffctnetU  of  Stvei.    London.     1873. 
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When  an  object  is  hardened  in  a  saline  solution,  it  is  well 
to  cover  it  with  a  paste  composed  of  water,  salt  and  flour 
(some  use  yeast  and  salt  for  this  purpose),  or  a  thin  clay. 
This  precaution  prevents  any  blistering  or  oxidation  of 
the  surface.  If  it  be  desired  to  avoid  oxidation,  and,  at  the 
same  time,  to  restore  to  the  steel  the  carbon  it  has  lost 
owing  to  the  action  of  the  fire,  it  must  be  rolled,  while  still 
wet,  in  another  paste,  containing  powdered  horn  or  leather, 
or  some  such  calcined  animal  matter.  Delicate  parts  can 
also  be  protected  by  a  layer  of  beeswax  and  olive  oil  made  hot. 

In  hardening  small  drills,  very  good  results  are  obtained 
by  enclosing  the  blade  in  a  pellet  formed  of  prussiate  of 
potash,  lard  and  Castile  soap,  and  cooling  in  beeswax.  Or 
the  surface  may  be  protected  by  a  layer  of  soft  soap. 

Steel  as  forged,  that  is  with  the  thin  scale  on,  is  less 
liable  to  break  in  hardening  than  if  previously  brightened^ 
for  the  scale  causes  it  to  cool,  and,  therefore,  contract 
more  slowly.  At  the  same  time,  it  should  be  borne  in  mind 
that,  when  the  surface  is  bright,  the  hardness  will  be  some- 
what greater. 

It  will  be  well  to  warn  the  beginner  that,  if  an  object  is 
not  entirely  immersed  in  the  cooling  liquid,  it  should  never 
be  held  still,  but  rapidly  moved  up  and  down,  as  otherwise 
there  is  a  liability  to  crack  at  that  part  which  was  level  with 
the  surface. 

As  a  watchmaker  only  uses  steels  of  the  best  quality,  he 
should,  in  hardening,  never  exceed  a  cherry-red  heat,  and 
cherry-red  comprises  three  distinct  tints  (77) ;  incipient 
cherry-red,  cherry-red,  and  clear  cherry-red.  The  second 
of  these  should  not  be  exceeded  in  hardening  cast  steel, 
and  the  third  should  be  taken  as  an  extreme  limit  in  the 
case  of  shear  steel. 

Ice-cold  water  should  never  be  employed,  but  the  extreme 
chill  should  be  first  taken  off.  Indeed,  it  is  found  that 
frosty  weather  interferes  materially  with  the  operation  of 
hardening. 
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Some  workmen  maintain  that  the  hardening  is  done  better 
if  the  water  has  been  long  used  for  the  purpose  without 
renewal. 

TEMPERINQ. 

88.  Hardened  steel  is  extremely  fragile^  but  its  tenacity 
may  be  restored  by  tempering^  that  is  to  say^  by  heating  it 
to  a  degree  dependent  on  the  amount  by  which  its  original 
softness  has  to  be  restored.  The  colour  of  the  metallic  sur- 
face will  graduaQy  change  as  the  temperature  nses^  each 
tint  corresponding  approximately  to  the  degree  of  heat  given 
in  the  following  table  (Stodart)  : — 

kl'Z^^J^  ::  ^1^:8:  raj  TOOL,  for  .etaL 

3.  Darker  straw  yellow   246*'C.  (470<'F.)  \  Tools  for  wood  and 

4.  Stm  darker  straw  yeUow     266*»C.  (490«'F.)  j     screw  taps,  &c. 
6.  Blown  yellow    260<'C.  (600«F.)  -j  Hatchets,  chipping 

6.  YeUow,    tinged     slightly  /     chisels,  and  other 

with  purple  270°C.  (520oF.)  (     percussive    tools, 

7.  light  purple 276*C.  (630«F.) )     saws,  &c. 

8.  Dark  purple 290®C.  (660®F.)  )  q^  .„^ 

9.  Dark  blue 300oC.  (670«F.)  j  "P™^' 

10.  Palerhlue 310«C.  (690«F.)  >v 

11.  Stmi«lerblue 320»C.  (6IO0F.)  /  Too    soft     for    the 

12.  StiU  paler  blue,  with  tinge  T     above  purposes. 

of  green 336®C.  (630®F.) ) 

89.  It  will  fEUsilitate  the  precise  determination  of  these 
points  if  it  be  remembered  that — 

An  aBoy  of  1  part  lead  and  1  part  tin  (by  weight) 

melts  at  196«>C.  (386«F.] 

ICetaBictin  „  „  „  230<'C.  (446oF. 

An  aUoy  of  2  parts  lead  and  1  part  tin  „  240<'C.  (465<'F. 

ICetaUic  bismuth  „  „  „  270°C.  (620OF.] 

An  alloy  of  5  parts  lead  and  1  part  tin  „  290<'C.'(550^F.) 

Metallic  cadmium,,  „  „  310oC.  (690»F. 

Metamclead         „  „  „  320«C.(608« 


F.^ 
F.) 


90.  Before  proceeding  to  temper  an  object^  at  least  one 
of  its  faces  mnst  be  smoothed  with  pumice  stone^  oilstone 
dnst,  or  emery  paper^  and  the  surfEice  must  be  left  perfectly 
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clean^  care  being  taken  to  avoid  contact  with  the  jSngers^  as 
otherwise  it  will  be  difficult  to  ensure  the  requisite  tint 
being  obtained. 

Tempered  to  any  shade  between  Nos.  1  and  6  the  steel 
will,  if  previously  well  hardened,  be  left  too  hard  to  be 
worked  by  a  file  or  graver ;  heated  beyond  No.  10,  it  can 
no  longer  be  much  bent  without  distortion. 

When  the  quality  and  the  degree  of  hardness  of  steel 
differ,  the  temper  corresponding  to  a  given  tint  will  also 
vary.  As  a  rule,  hardened  cast  steel,  tempered  to  No.  8, 
will  be  found  as  soft  as  natural  steel  which  has  been  let 
down  to  No.  9,  or  even  to  No.  10. 

A  piece  of  steel  can  be  let  down  to  the  same  tint  several 
•  times  in  succession  without  altering  its  properties. 

If  a  good  and  uniform  colour  is  desired,  the  steel  must  be 
highly  polished,  as  the  oxidation  of  rough  parts  wiU  render 
the  tint  irregular.  The  rouge  employed  must  not  be  too 
dry,  and,  if  the  burnisher  is  used,  care  should  be  taken  that 
it  acts  on  the  entire  surface.  Metal  of  a  bad  quality,  which 
will  not  take  an  even  polish,  can  rarely  be  nieely  blued. 

When  the  object  is  finely  smoothed  with  a  uniform  white 
surface,  very  good  results  may  be  obtained;  but  in  such  casea 
the  cleaning  must  be  carefully  conducted,  as  the  presence  of 
minute  greasy  particles  will  always  render  the  colour  irre- 
gular, and  may  even  entirely  prevent  its  appearance. 

A  uniform  colour  can  only  be  obtained  by  heating  the 
object  in  such  a  manner  that  its  temperature  is  raised  evenly 
throughout. 

The  tempering  may  be  performed  by  placing  an  object  on 
the  blueing  tray,  a  thin  metallic  plate  often  covered  with  a 
thick  layer  of  fine  brass  filings,  which  should  be  renewed  for 
each  operation ;  or  on  a  thick  piece  of  metal  previously 
heated  to  a  sufficient  degree ;  on  an  ignited  peat  covered 
with  a  layer  of  white  ash ;  in  a  bath  of  molten  metal,  the 
temperature  of  which  corresponds  to  the  requisite  degree  of 
heat,  or  the  object  may  be  laid  on  the  surface  of  such  a 
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bath,  &c.  Some  watchmakers  when  letting  down  a  piece  of 
steel  immerse  it  in  water  to  check  the  action ;  bnt  by  so 
doing  they  produce  an  exactly  contrary  effect.  If  a  piece  of 
steel  be  cooled  suddenly  in  water  as  soon  as  it  assumes  any 
given  colour  it  will  be  softer  than  if  left  to  cool  in  the  open 

air  (78). 

At  one  of  the  blue  tints  steel  possesses  its  maximum 
iHasUcUy.  The  exact  shade  varies  with  the  different 
qualities  of  steeL 

If  a  hardened  and  tempered  spring  have  lost  its  initial 
elasticity,  this  may  be  restored  or  even  improved  upon  by 
gently  hammer-hardening,  and  after  whitening  with  emery, 
again  tempering  to  the  proper  blue  tint. 

01.  A  very  convenient  way  of  tempering  a  large  number 
of  small  articles  at  a  time,  heating  them  with  absolute 
imiformity,  is  to  place  them  in  a  small  vessel  with 
sufficient  tallow  or  cold  oil  to  cover  them ;  the  whole  is  then 
heated  to  the  requisite  degree,  which  may  be  determined  by 
s  tiiermcHneter  or  by  observing  the  smoke.  When  smoke  is 
first  seen  to  rise,  the  temper  corresponds  to  No.  2  in  the 
taUe  (article  88).  Smoke  more  abundant  and  darker  cor- 
responds to  No.  5.  Black  smoke  still  thicker.  No.  7. 
Oil  or  tallow  takes  fire  with  lighted  paper  presented  to  it. 
No.  9.  After  this  the  oil  takes  fire  of  itself  and  continues 
to  bum.  If  the  whole  of  the  oil  is  allowed  to  bum  away, 
the  lowest  temper  in  the  table  is  reached. 

It  is  often  convenient  to  simply  smear  an  article  with  oil 
or  tallow,  and  hold  it  over  a  flame  or  piece  of  hot  iron. 
The  temper  can  then  be  judged  in  the  manner  just 
eiphdned. 

With  a  view  to  combine  the  two  operations  of  hardening 
and  tempering,  M.  Caron  suggested  that  the  temperature  of 
the  water  used  for  hardening  be  heated  to  a  pre-determined 
<d^ree.  Thus  the  requisite  temper  may  be  given  to  gun- 
iock  springs  by  heating  the  water  in  which  they  are  har- 
dened to  66<>  C.  (130O  P.). 
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TO   WHITEN   AND    BLUE  STEEL. 

92.  Some  makers  of  watch  hands  and  balance-fiprings, 
when  they  are  not  satisfied  with  the  colour  assumed  by  an 
object  in  tempering,  immerse  it  in  an  acid  bath,  which 
whitens  it,  after  which  the  blueing  operation  is  repeated. 

We  have  seen  watchmakers  whiten  small  pieces  of  steel 
with  a  piece  of  pith  moistened  with  dilute  sulphuric  acid, 
but  the  method  cannot  be  recommended. 

Others  fix  fine  steel  work,  a  watch  hand  for  example,  with 
wax  on  a  plate,  and  whiten  it  by  means  of  pith  and  polishing 
rouge,  or  a  small  stifif  brush  charged  with  the  same  material. 
It  is  then  detached  by  heating,  and  cleaned  in  hot  alcohol. 

These  methods,  if  judiciously  employed,  are  of  great 
service,  but  it  is  important  to  remember  always  to  thoroughly 
wash  ^ter  the  use  of  acid,  and  then  to  allow  the  object  to 
remain  for  a  few  minutes  in  alcohol. 

Sulphuric  acid  does  not  whiten  well.  It  often  leaves  dark 
shades  on  the  surface.  Hydrochloric  acid  gives  better 
results. 

93.  To  blue  steel  uniformly.— In  order  to  secure  a 
uniform  colour  in  tempering  or  blueing,  it  is  essential  that 
the  smoothing  and  polishing  should  have  been  very  evenly 
done ;  in  reference  to  these  points,  see  175  and  following 
articles.  The  surface  must  be  perfectly  clean ;  for  other- 
wise parts  that  are  greasy,  or  on  which  the  rouge  has  re- 
mained too  long,  or  has  been  too  dry,  will  not  exhibit  the 
same  tint  as  the  rest.  The  heat  must  be  uniformly  distri- 
buted. This  is  why,  when  blueing  screws  in  a  perforated 
blueing  pan,  it  is  customary  to  lightly  strike  the  handle,  for 
the  vibration  and  the  perpetual  change  in  the  contacts 
ensures  their  receiving  the  heat  more  evenly.  A  similar 
purpose  is  served  by  placing  the  pieces  in  brass  filings. 
Steel  must  not  be  tempered  while  only  in  contact  with  bodies 
that  are  bad  conductors  of  heat,  stone,  either  in  powder  or 
block,  for  example  ;  because,  as  we  have  abeady  observed^ 
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the  dktribation  of  heat  would  occur  uuevenlj  throughout  the 
metaL 

Watchmakers  secure  a  uniform  tint  more  easOj  by  using 
an  iron  or  copper  polisher  than  one  of  any  other  metaL 

94.  To  blue  small  steel  pieces  evenly.  —  If  the  foregoing 
piecautions  are  carefully  obserTed,  the  following  methods 
will  give  satis&ctory  results  : — 

First  blue  the  object  without  any  special  regard  to 
Toniformity  of  colour.  If  it  proves  to  be  imperfect,  take 
a  piece  of  dead  wood  that  does  not  crumble  too  easily,  or  of 
dean  pith,  and  whiten  the  surface  with  rouge  without  letting 
it  be  too  dry.  Small  pieces  thus  prepared,  if  cleaned  and 
Uaed  with  care,  will  assume  a  very  uniform  tint. 

A  clever  mechanic  assures  us  that  he  easily  obtains  a 
similar  result  by  rubbing  the  surface,  after  it  has  been  well 
smoothed,  with  the  end  of  a  stick  that  has  been  partly  burnt 
in  the  fire. 

95.  To  blue  a  clock  hand  or  a  spring. — To  blue  a 
piece  of  steel  that  is  of  some  length,  a  clock  hand  for  example, 
dockmakers  place  it  either  on  an  ignited  peat,  with  a  hole 
in  the  centre  for  the  socket,  and  white  over  its  surfEtce,  as 
this  indicates  a  degree  of  heat  that  is  approximately  uniform* 
or  on  a  curved  blueing  tray  perforated  with  holes  large  enough 
to  admit  the  socket.  The  centre  will  become  violet  or  blue 
sooner  than  the  rest,  and  as  soon  as  it  assumes  the  requisite 
tint,  the  hand  must  be  removed,  holding  it  with  tweezers  by 
the  socket,  or  by  the  aid  of  a  large-sized  arbor  passed  through 
it ;  the  lower  side  of  the  hand  is  then  placed  on  the  edge  of 
the  peat  or  blueing  tray,  and  removed  by  gradually 
sliding  it  oflF  towards  the  point,  more  or  less  slowly  according 
to  the  progress  made  with  the  colouring;  mth  a  little 
practice,  the  workman  will  soon  be  enabled  to  secure  a 
uniform  blue  throughout  the  length,  and  even,  if  necessary, 
to  retouch  parts  that  have  not  assumed  a  si^ciently  deep 
tint. 

Instead  of  a  blueing  tray,  a  small  mass  of  iron,  with  a 
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slightly  rounded  surface  and  heated  to  a  suitable  temperature, 
can  be  employed  ;  but  the  colour  must  not  form  too  rapidly, 
and  this  is  liable  to  occur  if  the  temperature  of  the  mass  is 
excessive.  Nor  should  this  temperature  be  unevenly  dis- 
tributed. 

A  spring  after  being  whitened  can  be  blued  in  the  same 
way.  Having  fixed  one  end,  it  is  stretched  by  a  weight 
attached  to  the  other  end,  and  the  hot  iron  is  then  passed 
along  it  at  such  a  speed  that  an  uniform  colour  is  secured. 
Of  course  the  hot  iron  might  be  fixed  and  the  spring  passed 
over  it.  A  lamp  may  be  used,  but  its  employment  involves 
more  attention  and  dexterity. 

96.  Blueing  as  an  indication  of  temper.— This  sub- 
ject has  already  been  very  fully  considered  in  articles  88  to 
91.  When  the  colour  assumed  by  a  piece  of  steel  does  not 
require  to  be  preserved,  and  it  is  only  necessary  to  temper 
the  object  at  a  certain  temperature,  the  means  best  adapted 

to  expedite  the  operation  will  naturally  be  sought.  Thus, 
in  factories,  large  numbers  are  tempered  at  once  in  a  bath 
of  tallow,  oil,  &c.  The  workman,  in  judging  temper  by 
colour  (88),  must  have  enough  experience  to  enable  him  to 
determine,  for  a  given  sample  of  steel,  what  are  the  successive 
colours  as  well  as  the  temperature  of  the  bath,  &c.  His 
success  is  certain ;  but  it  depends  on  the  experience,  and, 
therefore,  on  the  sense  of  sight  of  the  operator,  and,  we 
should  again  add,  on  the  knowledge  he  possesses  of  the 
qualities  of  the  steel  he  is  using. 

CASE-HARDENING. 

97.  This  process  is  often  resorted  to  when  a  hard  surface 
is  required  on  objects  of  wrought  iron,  for  example  the  face 
of  an  anvil.  It  is  the  exact  converse  of  the  method  already 
described  in  article  59  for  obtaining  malleable  castings,  and 
consists  in  heating  the  object  to  a  red  heat  in  contact  with 
charcoal,  or  some  substance  containing  carbon;  this  enters 
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into  die  sarhce  iron,  conyerting  it  into  steeL  Or  after 
heating  to  a  bright  redness  the  object  maybe  sprinkled  over 
with  pmssiate  of  potash,  returned  to  the  fire,  and  after  a 
few  minutes  cooled  hy  immersion  in  water.  When  a  greater 
thickness  of  steel  is  needed,  or  when  dealing  with  large 
articles^  they  must  be  enclosed  in  wronght-iron  boxes,  and 
bedded  in  such  substances  as  fragments  of  horn,  bones, 
leather  cuttings,  &c. ;  the  box  is  then  luted  up  and  the 
whole  maintained  at  a  red  heat  for  twelve  hours,  aftier  which 
the  fire  is  allowed  to  die  out.  Articles  may  sometimes  be 
case-hardened  by  coating  with  a  paste  of  arsenious  acid, 
powdered  leadier,  horn,  or  other  nitrogenous  body  and 
hydrochloric  acid,  and  then  heating  them  to  bright  redness 
in  a  mufSe  or  other  suitable  furnace. 

INFLUENCE   OF    FOREIGN    METALS   AND  METALLOIDS 
ON   THE   QUAUTIES   OF   IRON   AND   STEEL. 

98.  It  would  be  impossible  to  give  a  full  account  of  this 
subject  in  the  space  at  our  disposal,  and  the  reader  must  be 
referred  to  works  on  the  metallurgy  of  iron  and  steel  for 
details  in  regard  to  the  remarkable  influence  of  minute  traces 
of  {^osf^orus,  tungsten,  silicon,  manganese,  arsenic,  &c^ 
on  the  mechanical  and  chemical  properties  of  those  metals. 

COPPER. 

99.  Copper  is  an  elementary  body  of  a  reddish-brown 
colour  which  must  not  be  confounded  with  brass,  occasionally 
termed  yellow  copper.  In  tenacity  it  comes  next  below 
iron,  iHeaking  with  a  strain  of  34  kils.  per  sq.  mm.  of 
section  (or  48,000  lbs.  per  sq.  inch). 

In  horology,  the  only  use  made  of  the  pure  metal  is  for 
the  construction  of  compensation  pendulums  on  the  gridiron 
jnindple,  and  as  wire  in  electric  docks.  It  is  also  employed, 
when  rolled  into  thin  sheets,  for  a  base  to  receive  the  enamel 
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of  watch  dials,  in  consequence  of  its  expansion  being  about 
the  same  as  that  of  the  enamel,  which  does  not  therefore 
crack  in  the  cooling. 

The  copper  of  commerce  is  seldom  pure,  and  this  gives 
rise  to  many  of  the  imperfections  met  with  in  ordinary 
brass. 

ZINC. 

100*  This  is  an  elementary  metallic  body  of  a  blnish 
colour.  It  is  used  in  the  form  of  rods,  for  compensation 
pendulums. 

It  must  be  obtained  of  great  purity,  whether  it  is  em- 
ployed by  itself  or  to  alloy  with  another  metal.  The 
presence  of  foreign  bodies  in  zinc,  even  in  very  small 
quantities,  has  a  marked  influence  on  the  physical  properties 
of  an  alloy  into  which  it  enters. 

The  purer  the  metal  the  more  easily  will  it  roll,  and  this 
fact  can  be  taken  advantage  of  as  a  test  of  quality. 

Although  very  brittle  at  0^  0.  (82°  F.)  and  200°  0. 
(400°  F.),  it  has  a  maximum  malleability  at  about  100°  0. 
(212°  F.),  the  boiling  point  of  water ;  it  should,  then,  be 
heated  to  this  degree  before  bending,  rolling,  hanmiering, 
&c. 

It  may  be  annealed  in  boiling  water,  or  by  heating  to 
such  a  temperature  that  water  hisses  when  allowed  to  drop 
on  to  it. 

It  melts  at  420°  C.  (790°  F.)  and  volatilizes  if  raised  to  a 
red  heat. 

A  sudden  cooling,  or  the  presence  of  arsenic  or  antimony, 
will  render  zinc  brittle.  It  must  not  be  melted  in  cast-iron 
vessels,  as  the  quality  of  zinc  is  deteriorated  by  the  small 
quantity  of  iron  it  takes  up  under  such  circumstances. 

This  metal  possesses  a  great  affinity  for  oxygen,  and 
therefore  oxidizes  very  readily  when  fused. 

It  is  usual,  before  pouring  zinc  that  is  intended  for 
rolling,  to  throw  some  pieces  of  the  solid  metal  into  the 
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moltei  mass,  the  object  being  to  somewhat  redace  the  tem- 
perature, and  thns  prerent  a  too  rapid  cooling,  as,  in  that 
caae^  zinc  is  Tery  brittle. 

BRASS. 

101.  Pure  copper  is  difficnli  to  work  with  the  graver  or 
file»  but  sQch  is  not  the  case  when  this  metal  is  allojed  with 
zinc ;  we  then  obtain  hrass^  or,  as  it  is  sometimes  termed* 
^hfp  capper, 

ADojs  cnintainiiig  copper*   zinc,   and   tin  are  termed 

If  a  small  qnantitj  of  lead,  about  1  per  cent,  of  its  weight, 
be  added  to  brass,  it  renders  the  metal  less  fibrous,  imparting 
to  it  a  certain  degree  of  brittleness  so  that  it  is  more  easily 
inured  with  the  graver,  file,  drill,  or  the  saw. 

When  the  l»asB  is  required  to  be  hammered  a  portion  of 
the  kfid  is  replaced  by  tin ;  by  this  means  the  metal  becomes 
more  malleaUe,  or,  in  terms  of  the  workshop,  ^o/L 

The  colour,  tenadtj.  ductility,  malleability^  &c.,  vaiy  with 
the  pcscentage  composition  of  the  alloy.  It  is,  then,  of  the 
utmost  importance  that  a  watchmaker  be  able  to  test  and 
sdect  the  brass  before  employing  it  in  his  work ;  metal  that 
is  exi^Dent  for  wire-drawing,  f<»r  example,  would  be  utterly 
uadeas  for  making  an  escape-wheel,  since  it  would  become 
distorted  in  the  cutting  in  consequence  of  its  ductility.  It 
bekmgs,  in  £Mit,  to  the  class  of  metals  that  will  extend  under 
the  hammer  without  hardening  (very  soft  brasses). 

The  foDowing  is  given  as  an  analysis  of  brass  very 
frequently  employed  in  horology :  copper,  66  per  cent. ; 
zinc,  33  per  cent.;  and  load.  1  per  cent.  But  it  must  not 
be  foigotten  that  tiiis  is  only  to  be  taken  as  a  mean.  Both 
the  proportions  and  the  qualities  vary  with  difierent  maters, 
doubtless  also  acccffding  to  the  degree  of  parity  of  the  metals 
eooployed  in  their  manufacture. 

102.  To  select  brass. — By  following   the  directions 
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smoothed  with  the  hammer-head  and  amiealed ;  thea  it  is 
brought  to  the  right  thickness  by  another  hammering  in 
the  manner  explained  below,  bnt  it  should  be  again  pointed 
oat  that,  when  possible,  metal  of  a  suitable  thickness  ought 
to  be  taken  in  the  first  instance,  since  too  much  hammering 
has  a  detrimental  effect. 

Before  hammer-hardening  a  plate,  it  must  be  dressed,  an 
operation  which  consists  in  rounding  off  the  edges  very 
carefully  in  order  to  prevent  their  cracking,  and  in  rounding 
the  bottom  and  sides  of  internal  angles  which,  without  such 
a  precaution  would  occasion  a  rupture.  After  this  is  com- 
pleted, proceed  to  the  hardening,  using  a  rather  heavy 
hammer,  and  giving  sharp  blows  along  lines  parallel  to  the 
sides  of  the  plate  ;  commence  from  one  of  the  comers  in  the 
case  of  a  square  plate,  and  with  a  round  plate  let  the  blows 
be  in  circles.  In  the  latter  case  work  from  the  circumference 
towards  ihe  centre,  at  the  same  time  gradually  increasing  the 
force  of  the  blows,  since  the  metal  opposes  a  greater 
resistance  towards  the  centre.  If  the  work  is  done  evenly 
and  without  hurrying,  the  surfece  will  remain  fairly  flat,  a 
fact  which  should  be  verified  from  time  to  time  by  the  aid 
of  a  metal  rule. 

Eound  plates  are  sometimes  hardened  by  conmiencing  to 
hammer  in  the  centre  and  working  towards  the  circumference 
along  two  radii  in  opposite  directions;  that  is  along  a 
diameter.  This  first  diameter  is  then  crossed  by  another  at 
right  angles  ;  the  intervals  are  filled  in  with  other  diameters 
that  must  not  touch  until  the  entire  sur&ce  is  covered, 
always  taking  care  to  work  from  the  centre  towards  the 
circumference. 

When  the  metal  is  thin  only  the  hammer-head  is  used,  but 
beyond  a  certain  thickness  the  pene  of  the  hammer  must  be 
employed  until  about  half  the  required  thickness  is  reached  ; 
the  Bor&ce  is  planished  and  the  hardening  finished  with  the 
face. 

Blows  that  are  irregular,  too  hard  or  roughly  given,  will 
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the  meUl  to  crack.  HmriediroTkuig  will  disturb  the 
■M^ecukr  groupiiig  of  the  alk>j  ;  it  will  at  the  same  time  be 
heated  and  therefore  aoftened,  thus  losmg  all  the  good 
qpialitieB  that  are  antidpated  from  hammw-hardaiing, 
mm^  increased  bodjand  elastidtj.  It  was  in  order  to 
svoid  this  lipaHng  that  the  old  watchmakers  used  to  hammer 
the  brass  in  oold  imter,  an  excellait  precaaticm  which  is  too 
nmdi  neglected  at  the  present  day. 

Brass  that  is  badly  hammoed,  the  blows  bemg  Tiolent  or 
irregular,  win  spring  out  of  shape  on  being  cot  and  occasion- 
ally crack  when  gilding. 

If  daring  the  progress  of  hammering,  a  crack  is  observed 
to  be  commencing  at  the  edge  it  most  be  removed  with  a 
cat-tail  file,  all  sharp  angles  being  rounded  off ;  and  when 
cndcB  immediatelj  reapgear  on  continuing  the  operation^  it 
is  an  indication  tiiat  the  metal  cannot  suj^rt  any  finther 
hammering  odd. 

If  brass  is  compact  or  wdl  forged  it  may  be  relied 
upon  to  presore  the  ofl  at  piyots,  &Cy  better,  as  oil  is 
more  rapidty  in  pnasnce  of  a  finely  divided 
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104.  Brass  rods. — Hods  having  a  square  section  must 
cnl^  be  hammered  on  two  opposite  feces. 

A  rod  of  square  section  can  be  hammered  on  all  four  fiioes, 
but  it  mnst  be  first  filed  perfectly  square,  the  hammering 
must  not  be  jMished  too  fer,  and  the  four  angles  must  be 
maintained  right  angles.  If  s(Hneare  made  obtuse  and  others 
acute,  a  flaw  will  be  produced  in  the  direction  of  a  diagonaL 

The  three  firilowing  methods  are  emfdoyed  in  the  case  of 
round  rods: — 

The  first  consLsts  in  hammering  over  the  entire  surfece, 
the  rod  being  at  the  same  time  rotated  on  the  anvil  by  hand ; 
but  this  operation  must  not  be  mmh.  prolonged,  as  the 
metal  is  liaUe  to  crad^  lengthwise. 

The  seocmd  method  consistB  in  reducing  the  diameter  of 
an  annealed  brass  rod  to  about  <me^ialf  or  two-thirds  its 
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initial  amount  by  causing  it  to  pass  in  succession  through  a 
number  of  holes  of  the  draw-plate. 

When  the  third  method,  which  is  due  to  Brocot,  is  adopted, 
one  extremity  of  the  brass  rod  is  gripped  in  the  bench  vice 
and  the  other  end  in  a  hand  vice,  which  is  then  caused  to 
rotate  round  the  rod  as  an  axis.  If  the  torsion  be  continued 
until  the  metal  is  on  the  point  of  breaking,  it  will  be  found 
to  be  very  effectually  hardened.  This  method  is  resorted  to 
with  advantage  for  hardening  pin-wire  and  the  metal  for 
making  pillars. 

TO   ANNEAL   BRASS. 

105.  When  it  is  necessary  to  considerably  reduce  the 
dimensions  of  a  piece  of  brass,  either  with  the  hammer, 
rolls  or  draw-plate,  it  must  be  annealed  from  time  to  time. 

The  metal  should  not  be  heated  to  redness ;  it  is  supposed, 
rightly  or  wrongly,  that  such  a  proceeding,  especially  if 
repeated,  separates  a  portion  of  the  zinc,  or  at  least  changes 
the  mode  in  which  it  is  associated  with  the  copper.  Brass 
should  be  heated  slowly  and  uniformly  in  a  moderate  fire 
until  the  temperature  is  such  that  drops  of  water  thrown  on 
to  the  surface  are  rapidly  converted  into  vapour,  or  paper 
turns  yellow  and  begins  to  smoke.  It  is  then  withdrawn  fipom 
the  fire  and  allowed  to  cool. 

Brass  is  brittle  when  hot,  so  that  it  can  only  be  worked 
cold. 

When  brass  is  annealed,  just  as  when  steel  is  tempered, 
the  metal  should  not  be  allowed  to  rest  on  a  bad  conductor  of 
heat  such  as  wood  or  stone,  because  there  will  be  a  tendency 
to  uneven  distribution  of  the  heat  throughout  the  metal. 

CAST    BRASS. 

106,  This  is  usually  brittle  owing  to  the  fact  that  the 
copper  employed  in  its  manufacture  consists,  as  a  rule,  of  all 
sorts  of  scrap  from  good  or  bad  metal  ,•  moreover,  from 
motives  of  economy,  the  proportion  of  zinc  is  generally 
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increased  and^  in  ponring,  the  precantions  essential  to  avoid  the 
effects  of  liquation  (102)>  &c.,  are  frequently  neglected.  Such 
an  alloy  must  never  be  used  for  small  objects ;  it  must  be 
entirely  excluded  from  a  watch,  and  in  a  clock  only  such 
pivots  as  are  called  upon  to  perform  an  insignificant  amount 
of  work  should  be  allowed  to  run  in  it. 

In  order  to  avoid  injuring  the  file,  or  embedding  in  the 
metal  any  particles  of  the  hard  coating  of  oxide  that  always 
covers  rough  castings,  it  is  usual  to  dip  the  object  in  dilute 
nitric  or  sulphuric  acid  (155),  by  which  the  oxide  is  dis- 
solved. 

TIN. 

107.  This  is  an  elementary  body,  almost  as  white  as 
silver  and  having  a  breaking  strain  of  only  8  kilo,  per 
sq.  mm.  of  section  (or  11,300  lbs.  per  sq.  inch). 

Watchmakers  use  it  in  making  solder.  It  is  also  some- 
times used  in  the  form  of  plates  or  rods  for  polishing  with 
rouge,  and  it  is  said  to  be  much  more  efficient  when  very 
pure. 

If  a  strip  of  pure  tin  is  bent,  a  crackling  noise,  termed 
the  ** crying"  of  tin,  is  heard.  After  frequent  bending,  the 
metal  loses  this  property. 

The  degree  of  purity  may  be  judged — 

(1)  By  the  loudness  of  the  "cry,"  which  is  found  to  be 
greater  as  the  tin  is  purer ; 

(2)  By  the  relative  lightness  of  two  balls  of  equal  size,  one 
of  which  is  formed  of  very  pure  tin  and  used  as  a  standard  ; 

(8)  By  pouring  the  metal,  when  just  melted,  in  a  mould 
1  or  2  centimetres  (about  |  inch)  in  diameter.  If  tin  is 
pure,  when  cast  into  plates  or  ingots  the  surface  will  be 
perfectly  smooth,  without  exhibiting  any  signs  of  crystalliza- 
tion at  the  moment  of  solidification,  whereas  the  presence  of 
small  quantities  of  foreign  metals  causes  it  to  be  covered 
with  a  network  of  needle-formed  crystals,  which  are  the 
more  numerous  according  as  the  metal  is  less  pure. 


i 


74  THE  watchmakers'  HAND-BOOK. 

The  Banca  tin  is  almost  chemically  pure  ;  English  tin  is 
also  very  pure ;  but  others  contain  a  small  percentage  of 
copper,  lead,  iron,  or  arsenic. 

BRONZE. 

108.  Bronze  is  an  alloy,  in  very  variable  proportions,  of 
copper  and  tin,  to  which  may  be  added,  according  to  cir- 
cumstances, a  small  percentage  of  lead  or  zinc,  or  even  iron, 
when  it  is  desired  to  increase  the  hardness  or  tenacity. 

As  a  rule,  this  alloy  is  tough  and  hard  to  work  :  it  is 
especially  used  for  parts  of  large  machines  that  are  subjected 
to  considerable  pressure. 

The  fusion  and  casting  of  bronze  require  special  precau- 
tions, for  the  proportion  between  the  metals  is  liable  to  vary 
through  oxidation  of  the  tin,  which  then  goes  to  form  a 
dross,  and  the  composition  may  vary  throughout  the  mass. 
It  sometimes  results  from  this  that  the  bronze  bearings  for 
the  pivots  in  large  clocks  are  not  even  as  good  as  ordinary 
brass,  and  wear  away  more  rapidly  than  the  pivots. 

Bronze  is  also  used  by  watchmakers  for  making  plates  or 
small  rods  for  polishers,  and  for  the  bells  of  clocks.  Bell- 
metal  contains  about  78  per  cent,  of  copper  and  22  per  cent, 
of  tin ;  it  has  a  beautiful  fracture,  and  is  very  fusible  and 
sonorous.  The  addition  of  any  other  metal  is  rather  pre- 
judicial than  otherwise  ;  this  explains  why  so  many  clock 
bells  are  wanting  in  sonorousness. 

An  impediment  to  the  use  of  bronze  is  its  want  of  malle- 
ability ;  but  Dronier  has  recently  pointed  out  that  such 
alloys  may  be  rendered  perfectly  ductile  and  malleable  by 
adding  from  ^  to  2  per  cent,  of  mercury.  These  alloys  are 
said  to  be  less  oxidisable  than  ordinary  bronzes,  and  at  the 
same  time  more  hard,  elastic,  resisting  and  sonorous. 

STERRO. 

109.  This  is  an  alloy  containing  56  per  cent,  copper,  41 
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smCy  2  tin,  and  1  iron..  It  resembles  a  reddish-coloured 
brass,  and  has  been  much  used  in  Vienna,  where  it  is  con- 
sidered superior  to  brass  from  the  point  of  view  of  ductiUty, 
tenacity  and  maUeabilitj. 

An  experienced  horologist — M.  Grossmann,  of  Glasshiitte — 
has  made  satisfactory  lever  escape-wheels  of  it,  and  he  con- 
siders it  to  be  superior  to  the  best  brass  in  regard  to  both 
density  and  elasticity.  At  the  same  time  he  points  out  that 
it  dogs  the  cutter,  and  the  colour  is  inferior  to  that  of  good 
hard  brass. 

LEAD. 

110.  A  metal  with  a  brilliant  bluish-grey  lustre,  which 
rapidly  becomes  dull  when  exposed  to  the  air.  It  is  very 
malleable  and  ductile.  It  breaks  with  a  strain  of  2*9  kilo. 
per  sq.  mm.  section  (4,000  lbs.  per  sq.  inch),  but  possesses 
extreme  flexibihty. 

Lead  is  not  used  in  horology,  except  as  a  constituent  of 
solders ;  in  these,  however,  it  plays  a  very  important  part. 
It  is  occasionally  used  in  the  pure  state  as  a  lap  for  applying 
polishing  materials,  but  more  frequently  alloyed  with  tin,  by 
which  hardness  is  imparted  to  the  metal,  the  alloy  being 
known  as  "  pewter." 

NICKEL. 

HI.  An  elementary  metallic  body  of  a  greyish-white 
colour,  resembling  that  of  platinum.  With  care  it  can  be 
forged  when  hot  and  formed  into  plates  ;  its  structure  in 
that  case  is  fibrous.  Its  hardness  is  the  same  as  that  of 
iron,  and  nickel  will  take  a  high  pohsh.  Next  to  iron,  it  is 
the  most  powerfully  magnetic  of  all  the  metals. 

It  can  be  caused  to  alloy  with  many  other  metals — notably 
iron,  cobalt,  copper,  zinc,  tin,  and  antimony.  According  to 
Stodart  and  Faraday,  an  alloy  of  83  parts  iron  and  1  part 
nickel  is  as  malleable  as  the  former  metal,  but  less  liable  to 
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rust.  Fleitmann  has  recently  shown  that  by  the  addition 
of  about  1-lOth  per  cent,  of  magnesium,  nickel  is  rendered 
perfectly  malleable  and  ductile,  capable  of  being  drawn  into 
wires  or  rolled  into  sheets,  and  Gamier  finds  that  S-lOths 
per  cent,  of  phosphorus  has  a  similar  effect. 

Nickel  is  useful  as  a  coating  for  objects  that  are  not  sub- 
jected to  friction,  for  preserving  them  from  the  action  of 
the  air.  It  takes  a  beautiful  polish,  and  is  not  tarnished  by 
being  touched. 


GERMAN    SILVER. 

{Sometimes  improperly  termed  nickel.) 

112.  Although  the  proportion  of  copper  in  this  alloy  is 
considerably  greater  than  that  of  nickel,  watchmakers  fre- 
quently apply  the  latter  name  to  it,  doubtless  on  account  of 
the  beautiful  polish  of  which  the  metal  is  capable  and  the 
comparative  inoxidizability  which  it  derives  from  the  presence 
of  nickel. 

German  silver  is  an  alloy  of  copper,  nickel  and  zinc,  with 
the  occasional  admixture  of  a  small  proportion  of  iron  or 
tin.  When  used  in  the  construction  of  objects  that  require 
soldering  2  per  cent,  of  lead  is  added. 

The  alloy  usually  employed  in  horology  is  very  malleable  ; 
it  has  a  mean  composition :  copper,  60  per  cent. ;  nickel, 
20  per  cent. ;  and  zinc,  20  per  cent.  That  containing  58 
per  cent,  copper,  14  nickel,  25  zinc  and  8  iron  is  said  to  be 
highly  elastic. 

The  following  useful  details  with  regard  to  the  employ, 
ment  of  German  silver  for  watchwork  are  due  to  M.  C.  E. 
Jacot. 

Watch  movements  have  been  made  of  this  alloy  for  the 
past  thirty  years  ;  it  was  long  thought  that  the  taste  would 
die  out,  but,  on  the  other  hand,  the  demand  for  "  nickel " 
movements  increases  each  year. 
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The  alloy  is  better  prepared  at  the  present  day ;  it  has  a 
beaatifol  greyish-white  colour,  it  is  more  malleable,  and 
better  to  work  than  formerly,  but  still  not  so  easy  as  brass. 
The  latter  alloy  is  less  detrimental  to  the  file,  and  can  be 
tamed  and  drilled  more  rapidly. 

German  silver  is  only  nsed  for  the  plates,  cocks  and  bars. 
The  barrels  and  wheels  are  of  brass,  and  surfaces  exposed 
to  firictiony  snch  as  the  centre  pivot-hole  (all  other  holes 
being  jewelled)  are  bashed  with  the  same  metal,  for  it  is 
observed  that  in  presence  of  nickel  oil  is  rapidly  blackened 
and  the  pivots  wear  sooner  than  when  working  in  good 
brass. 

The  colour  remains  unaltered  for  a  long  time  if  the  sur&ce 
has  been  carefully  smoothed  in  the  first  instance  ;  and  if 
cleansed  with  soap  and  water,  its  original  freshness  can  be 
to  a  great  extent  restored.  Some  jobbers  prefer  to  employ 
chemical  preparations  for  cleaning  the  metal. 

The  following  is  recommended  as  very  effective  for  this 
purpose : — ^Mix  50  parts  rectified  spirits  of  wine,  1  part 
solj^uric,  and  1  part  nitric  acid.  Allow  the  pieces  to 
remain  in  this  liquid  for  10  or  15  seconds,  wash  mth  cold 
water,  and,  subsequently,  with  spirits  of  wine.  Dry  ^rith 
a  soft  rag  or  in  rotten  wood. 


GOLD. 

113.  An  elementary  body,  the  most  beautiful  and  the 
most  valuable  of  all  the  ordinary  metals.  In  the  unalloyed 
state  it  has  a  pure  yellow  colour,  and  when  reduced  to 
extremely  thin  leaves,  appears  green  by  transmitted  light. 
It  is  the  most  malleable  and  ductile  of  all  the  metals,  but  its 
tenacity  is  low. 

Grold  resembles  platinum,  silver,  iron,  &c.,  in  being 
capable  of  weldings  that  is  to  say,  two  pieces  of  the  metal 
can  be  united  without  previous  fusion.  Indeed,  by  the  appli- 
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cation  of  great  pressure  it  can  be  made  to  weld  when 
cold. 

It  is  insoluble  except  in  aqua  regia  (a  mixture  of  1  part 
nitric  acid  and  4  parts  hydrochloric  acid),  alcaline  persul- 
phides  and  selenic  acid.  Chlorine,  phosphorus,  and  a  few 
other  substances  can  be  made  to  combine  with  it  by  the  aid 
of  heat. 

Tt  is  as  a  preservative,  that  is  applied  in  layers  termed 
*^  gilding,**  that  gold  is  principally  used  in  watchwork,  and 
some  details  will  be  found  on  this  subject  under  "  Gilding  " 
(articles  142 — 153).  0\ving  to  its  softness  the  metal  is 
not  used  in  a  pure  state,  but  usually  alloyed  with  copper. 
The  principal  alloys  in  use  in  this  country  are  : — 

22  parts  (carats)  gold,  2  parts  (carats)  copper,  for  coin, 
wedding  rings. 

18  parts  gold,  6  parts  copper,  for  high-class  jewellery, 
watch-cases. 

15  parts  gold,  9  parts  copper,  for  ordinary  jewellery. 

12  parts  gold,  12  parts  copper  ;  and  9  parts  gold,  15  parts 
copper,  for  common  jewellery. 

The  alloys  used  for  soldering  gold  will  be  described  under 
«  Solders  "  (126). 

Alloys  of  gold  with  silver  and  copper  have  been  employed 
for  making  watch  wheels  ;  they  wear  well,  and  will  take  a 
beautiful  polish,  which  is  maintained  for  a  longer  time  than 
in  the  case  of  brass  wheels. 

Chronometer  balance-springs  and  the  suspension-springs 
for  astronomical  clocks  have  also  been  made  of  gold-copper 
or  gold-silver  alloys  rolled  and  hardened  (666).  If  care- 
fully prepared,  they  maintain  their  elasticity  unimpaired  for 
a  long  period,  and  there  is  no  liability  to  rust. 

The  dilatation  for  a  given  change  of  temperature  is,  how- 
ever, greater  than  that  of  steel,  so  that  a  greater  compen- 
sating effect  becomes  necessary,  but  this  inconvenience  is 
partially  compensated  for  by  its  inoxidizability  and  the  fact 
that  it  is  not  liable  to  become  magnetic. 
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SILVER. 

114.  This  metal  in  an  unalloyed  state  is  too  soft  for  use  in 
horology ;  its  principal  use  is  for  eases,  and  as  a  constituent 
of  solders. 

Houriet  made  watch  wheels  of  an  alloy  containing  2 
parts  silver  to  1  part  18-carat  gold,  and  he  affirmed  that 
this  alloy  became  polished  at  the  acting  surfaces  of  the  teeth. 
Jurgensen  states  that  detent  escape-wheels  made  of  this 
alloy  carefully  hammered  do  not  require  oil  at  the  points  of 
their  teeth. 

Dumesnil  proposed  an  alloy  of  2  parts  copper,  1  part 
sQver^  and  1  part  zinc,  all  perfectly  pure.  Lecocq  made 
chronometer  balances  in  which  the  brass  was  replaced  by 
pure  silver  deposited  on  the  surface  of  the  steel  by  electro- 
lysis, thus  avoiding  the  use  of  a  fire.  The  compensation  is 
said  to  have  been  very  efficient. 

ALUMINIUM   AND   ALUMINIUM    BRONZE. 

115.  Aluminium  is  an  extremely  light  elementary  body, 
having  a  density  of  only  2*56 ;  with  equal  bulks,  therefore, 
it  will  weigh  only  about  a  quarter  as  much  as  silver.  As  its 
capacity  for  heat  is  very  great,  this  metal  is  observed  to  heat 
or  cool  more  slowly  than  other  metals. 

Pure,  or  in  a  slightly  alloyed  state  it  has  not  been  used 
in  horology  except  for  pendulum  rods  and  large  hands  in 
regulator  clocks ;  in  short,  it  can  be  employed  where  light- 
ness is  the  principal  quality  in  view. 

It  is  extremely  ductile.  The  presence  of  1-lOOOth  part 
of  bismuth,  however,  renders  the  metal  somewhat  brittle, 
and  it  developes  cracks  under  the  hammer.  Traces  of  iron 
also  decrease  its  malleabihty. 

An  alloy  of  5  parts  silver  and  95  aluminium  can  be  as 
easily  worked  as  the  pure  metal,  but  is  harder  and  takes  a 
better  polish. 


i 
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We  would  add  a  curious  observation  of  M.  Redier  : — After 
passing  a  piece  of  aluminium  several  times  through  the  draw- 
plate,  he  observed  that  the  elongation  had  only  occurred  at 
the  surfece ;  for,  on  cutting  the  wire  at  different  points, 
he  noticed  that,  throughout  a  portion  of  the  length,  the 
metal  was  hollow,  a  very  fine  capillary  tube  being  thus 
formed. 

116.  Alummium  bronze  is  an  alloy  of  aluminium  with 
copper.  An  alloy  of  5  parts  of  the  former  to  95  of  the 
latter  has  a  beautiful  golden  colour,  but  if  the  proportion 
is  changed  to  10  and  90  parts  respectively,  we  obtain  the 
most  serviceable  and  the  most  easily  worked  alloy. 

This  bronze  can  be  forged  at  a  cherry-red  heat,  and  even 
near  its  melting  point,  and  its  thickness  can  be  reduced  to 
a  very  small  amount  under  the  hammer.  It  is  easily  filed 
and  turned,  but  does  not  possess  any  special  advantage  over 
brass,  which  is  less  detrimental  to  tho  file ;  the  density  is. 
7'7,  very  little  below  that  of  brass,  8*4. 

It  appears  from  a  considerable  number  of  experiments 
that  it  might  be  used  with  advantage  for  the  bearings 
of  axes  that  rotate  with  high  velocities.  It  resists  wear 
better  than  any  other  metal.  In  the  experiments  made  hy 
Foucault  to  demonstrate  the  rotation  of  the  earth  by  means 
of  the  pendulum,  he  found  that  an  aluminium  bronze  wire 
lasted  for  the  longest  period.  Its  tenacity  is  equal  to  that 
of  iron.  It  has  been  shown  that  slide-bars  of  locomotives 
made  of  this  bronze  resist  wear  twice  as  long  as  those  formed 
of  the  ordinary  bronze.  There  would  then  be  an  advantage 
in  using  it  for  the  bearings  of  foot-lathes,  &c. 

Grossmann  asserts  that  lever  escape-wheels  of  this  metal 
have  proved  satisfactory,  and  he  makes  the  following  obser* 
vation  on  the  subject.  If  aluminium  bronze  be  reduced  ta 
8-4  ths  of  its  initial  thickness  by  hammering  it  will  begin 
to  crack.  This  can  be  prevented  by  heating  to  a  red  heat 
and  plunging  into  water  ;  it  can  then  be  again  reduced  hj 
l-4th  of  its  thickness,  and  again  annealed,  and  so  on. 
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He  redaced  the  thickness  from  2*5  millimetre  to  0*2  milli- 
metre, and  the  metal  resisted  for  a  long  period  repeated 
^exores  backwards  and  forwards  ;  and  he  observes  that  no 
other  metal,  after  being  so  much  compressed,  wonld  possess 
the  same  marvellons  degree  of  tenacity. 

In  order  to  obtain  aluminium  bronze  of  the  best  quality, 
the  copper  should  be  absolutely  pure,  and,  in  the  manufacture, 
the  alloy  must  be  melted  and  forged  two  or  three  times  in 
succession,  as  by  this  means  the  strength  and  tenacity  are 
increased,  and  the  metal  can  be  more  easily  worked. 

The  beautiful  golden  colour  possessed  by  certain  of  these 
Inronzeswhen  polished,  has  caused  them  to  be  used  for  cheap 
T^atch-cases,  but  they  always  tarnish  at  those  parts  that  are 
not  subject  to  daily  wear. 

MERCURY. 

117.  This  is  the  only  metal  liquid  at  the  ordinary 
temperature;  it  solidifies  at  -  40^  C.  (-  40^  R).  It 
possesses  a  high  metallic  lustre,  resembling  silver,  but  with 
a  slightly  bluish  tint,  and  does  not  oxidize  at  ordinary 
temperatures. 

Mercury  alloys  with  many  other  metals  forming  amalgams, 
and  as  small  a  quantity  as  l-40th  per  cent,  of  lead  suffices 
to  entirely  alter  its  character.  The  presence  of  such  traces 
can  be  easQy  detected  by  the  liquid  wetting  glass  or  china, 
and  therefore  forming  a  tail  when  a  vessel  containing  it  is 
tilted. 

The  commercial  metal  is  rarely  pure,  but  the  greater 

portion  of  the  lead,  tin,  bismuth  or  copper,  by  which  it  is 

contaminated,  can  be  removed  by  distillation.    The  most 

convenient  method  consists,  however,  in  agitating  the  metal 

with  either  dilute  nitric  acid,  a  solution  of  mercurous  nitrate, 

strong  sulphuric  acid,  a  solution  of  corrosive  sublimate  or 

of  perchloride  of  iron,  and  subsequent  washing  with  distilled 

water.  When  mercury  is  only  contaminated  with  mechanical 

a 
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impurities  they  can  be  very  efifectually  removed  by  agitating 
with  powdered  loaf  sugar. 

This  metal  has  many  uses  in  the  arts^  for  the  construction 
of  thermometers,  barometers,  for  plating,  &c. ;  in  horology  it 
is  used  for  compensation  pendulums  (see  Treatise  on  Modern 
Sorohgy,  pp.  709,  809),  and  has  also  been  occasionally  used 
for  compensation  balances. 

PLATINUM. 

118.  This  elementary  body  is  almost  as  white  as  silver, 
takes  a  brilliant  polish,  and  is  highly  ductile  and  malleable. 
It  is  the  heaviest  of  the  ordinary  metals,  the  least  expansive 
when  heated,  and  has  a  breaking  strain  of  40  kilo,  per 
sq.  mm.  section  (56,500  lbs.  per  sq.  inch). 

Platinum  is  infusible,  except  at  the  high  temperatures  at- 
tainable with  the  oxy-hydrogen  blowpipe.  At  a  white  heat, 
however,  it  softens,  and  can  be  forged  and  welded.  It  is 
unacted  upon  by  the  air  at  any  temperature,  and  is  insoluble 
in  acids,  except  aqua  regia  (155),  although  acted  on  by 
certain  alcalis. 

This  metal  is  used  in  the  construction  of  scientific  instru- 
ments, and  for  objects  that  are  exposed  to  the  air,  as,  for 
example,  sun  dials.  Alloyed  with  iridium  (a  rare  metal  of 
the  same  group)  it  possesses  an  excellent  and  unalterable 
surface  for  fine  engraving,  as  the  scales  of  astronomical 
instruments,  &c.  This  alloy  has  also  been  adopted  for  the 
construction  of  international  standards  of  length  and  weight. 

Platinum  is  much  employed  for  chemical  apparatus,  in 
consequence  of  its  being  unacted  on  by  acids,  and  its  non- 
liability to  melt  in  ordinary  furnaces.  Both  the  pure  metal 
and  its  alloys  with  silver  have  been  employed  in  the  form  of 
wire  for  bushing  the  pivot-holes  of  watches,  and  in  sheets 
for  cutting  out  cocks  and  wheels,  but  the  results  obtained 
were  not  as  good  as  with  good  brass.  As  a  rule,  such  wheels 
are  found  to  occasion  a  rapid  wear  of  pinion  leaves. 
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Attempts  have  also  been  made  to  constract  balanoe-qnings 
of  this  metal,  but  we  are  informed  that  they  were  not  fonnd 
to  poaacas  anj  sofficient  advantages. 

It  is  advisable  to  heat  platinnm  in  a  spirit-lamp  or  Bonsen 
tmrner ;  the  naked  flame  is  objectionable,  because,  being 
diarged  with  a  certain  amonnt  of  carbon,  it  deteriorates  the 

PALLADIUM. 

119.  This  metal  resemUes  sflver  rather  than  platinnm, 
and  is  dmost  as  infusible  as  the  latter  metal.  It  has  a 
density  of  12*5.  When  heated  in  contact  with  air  it 
becomes  bine,  owing  to  the  formation  of  an  oxide.  It 
pooocflpca  the  remarkable  power  of  absorbing  (or  occluding) 
abont  900  times  its  own  Tolnme  of  hydrogen  if  attached  to 
the  n^;atiTe  pole  of  a  battery  in  acidolated  water  ;  its  bnlk 
18  increased  slightly  by  this  charge,  and,  on  expelling  the 
gas  by  the  aid  of  heat,  the  metal  shrinks  to  less  than  its 
initial  dimensions.  Palladium  is  useful  for  the  graduated 
scales  of  scientific  instruments,  since  it  is  not  discoloured  by 
snl^mrons  add.  It  forms  alloys  with  most  of  the  metals, 
and  some  of  these  can  be  hardened  like  steeL  If  100  parts 
of  steel  be  alloyed  with  1  part  of  this  metal,  the  resulting 
alloy  is  said  to  be  excellent  for  making  scientific  instru- 
ments, and  an  alloy  of  24  parts  palladium,  44  silver,  72 
gold,  and  92  copper  has  been  recommended  for  use  in 

hocdogy. 

H.  Paillard,  of  Geneva,  has  introduced  balance-springs 
made  of  an  aUoy,  whose  composition  is  not  given,  possessing 
the  following  advantages :  they  are  non-magnetic,  their 
tenacity  is  considerable,  are  not  tarnished  by  the  air, 
solphnrons  acid,  or  sea-water;  nor  are  they  distorted  by 
hei^ting,  and,  on  cooling,  they  recover  their  original 
dastidty,  which  is  equal  to  that  of  steel  hardened  and 
tonpered  to  a  blue  colour.  The  co-efficient  of  expansion 
of  this  aUoy  is  rather  less  than  that  of  steeL 
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CHARACTERISTIC    PROPERTIES   OF   ALLOYS. 

120.  Density. — This  is  sometimes  rather  greater  and 
sometimes  less  thau  that  deduced  from  the  densities  of  the 
constituent  metals,*  but  no  exact  law  has  been  discovered 
in  regard  to  this  question. 

HardmsSy  Dmtility,  Tenacity, — Alloys  are  usually  harder, 
more  brittle,  and  less  ductile  and  tenacious  than  the  most 
ductile  and  tenacious  constituent  metal. 

Elasticity, — ^The  co-efficient  of  elasticity  of  an  alloy 
generally  approximates  closely  to  the  mean  of  the  co-efficients 
of  its  constituent  metals. 

Expansion, — The  co-efficient  of  linear  expansion  of  an 
alloy,  that  is  to  say,  the  number  representing  the  propor- 
tional part  of  its  length  by  which  it  increases  for  each 
degree  rise  of  temperature,  may  be  approximately  estimated 
as  follows  :  multiply  the  linear  co-efficient  of  each  constituent 
metal  by  the  percentage  of  it  present  in  the  alloy,  and  divide 
by  its  density.  Add  together  the  several  numbers  thus 
obtained,  multiply  this  sum  by  the  density  of  the  alloy 
(which  must  be  experimentally  determined)  and  divide  by 
100.    The  resulting  figure  is  the  required  linear  co-efficient 

(122). 

Fusibility, — Alloys  are  always  more  fusible  than  the  least 
fusible  of  their  component  metals,  and  often  more  so  than 
any  one  of  them. 

Oxidation, — ^As  a  rule,  the  air  acts  with  less  energy  on 
alloys  than  on  their  constituent  metals.  There  are,  however, 
cases  in  which  the  converse  is  the  case. 

Action  of  acids, — ^This  is  generally  similar  to  the  action  on 
the  predominating  metal. 


^ 


*  The  theoretical  density  of  an  aUoy,  on  the  assumption  that  in 
alloying  the  metals  do  not  contract  or  expand,  is  obtained  by 
dividing  the  percentage  proportion  of  each  constituent  metal  by  its 
density,  adding  the  products  so  obtained  together,  and  dividing  their 
.  sum  into  100. 
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Observations. — ^Alloys  fonned  of  metals  that  differ  ma- 
terially in  density  are  rarely  homogeneons,  especially  if  they 
haTe  been  allowed  to  cool  slowly.  It  is,  then,  essential 
that  they  be  thoroughly  stirred  and  cooled  rapidly.  It  is 
for  this  reason  that  alloys  are  frequently  poured  out  on  to  a 
flagstone  to  cool,  or  that  they  are  compressed  after  pouring, 
whereby  the  formation  of  crystals  is  prevented. 

121*  Hetals  and  alloys. — ^The  following  table  gives  the 
more  important  physical  properties  of  the  metals  and  alloys 
generally  met  with,  and  will  be  found  useful  for  reference. 
The  precise  meaning  of  each  number  may  be  gathered  from 
the  notes  in  paragraph  122. 
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122.  Notes  on  the  foregoing  table. — ^For  a  complete 

eyplanataon  of  the  Bereral  properties  of  metals  and  alloys 
that  are  enmnerated  in  the  above  table  the  reader  must  be 
reared  to  works  on  mechanics  and  physics^  bat  the  following 
explanatory  notes  are  necessary. 

The  nnmber  in  brackets  after  the  name  of  each  metal^  &c., 
re^srs  to  the  article  in  which  it  is  considered. 

The  9pecyic  gravity  of  a  substance  is  the  ratio  of  the 
weight  (^  a  given  balk  of  that  sabstance  to  the  weight  of 
the  same  bolk  of  water  at  a  definite  temp^^atnre.  The 
mnnbers  h^ie  given  can  only  be  regarded  as  approximations, 
as  the  spedfic  gravity  varies  greatly  with  the  state  in  which 
a  body  exists,  the  hammering  it  may  have  been  sabjected 

Degree  qftuardness  is  ascertained  by  means  of  the  following 
standard  series,  observing  which  of  them  scratches  the  body 
under  examination  and  which  it  is  capable  of  scratching. 

1.  Talc:  2.  Gypsmn:  3.  Gale-spar:  4.  Fluor-spar:  5. 
Apatite :  6.  Fel^rar  :  7.  Quartz  :  8.  Topaz  :  9.  Sapphire  : 
10.  Diamond. 

Linear  expansunu — ^These  co-efficients  represent  the  ex- 
tfflision  in  length  that  the  several  substances  undergo  when 
heated :  the  first  column  for  each  degree  Fahrenheit  and  the 
second  for  each  d^ree  Centigrade.  The  extension  is  given 
per  unit  of  length ;  thus  1  inch  of  copper  at  32°  F.  wlQ 
become  1+0-0000102,  or  1-0000102  inch  at  33°  F.,  and 
1+30  X  0000102  or  1000306  at  32  +  30  or  62°  F. 

Superficial  expansion  may  be  obtained  by  multiplying  the 
linear  co-efficient  by  2,  and  cubical  expansion  by  multiplying 
the  same  number  by  3. 

As  in  the  case  of  specific  gravity  these  data  as  well  as 
those  in  succeeding  columns  can  only  be  r^arded  as  approxi- 
mations, depending  on  the  condition  of  the  metal,  &c. 

Specific  heat  is  the  amount  of  heat  required  to  raise  the 
temperature  of  a  substance  one  d^ree  (the  Centigrade 
scale  being  here  adopted),  that  required  for  the  same  weight  of 
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water  being  taken  as  unity.  The  corresponding  numbers  on 
the  Fahrenheit  scale  can  be  deduced  from  those  here  given 
by  multiplying  by  5  and  dividing  by  9. 

The  melting  points  are  given  on  Fahrenheit's  scale  and 
can  only  be  regarded  as  approximate  on  account  of  the 
difficulty  experienced  in  determining  these  high  temperatures. 
Different  observers  often  vary  by  two  or  three  hundred 
degrees  in  their  estimates. 

Conductivity  for  heat  and  eleciricity  are  given  in  reference 
to  that  of  silver,  which  is  called  100.  It  surpasses  all  other 
known  metals  in  both  these  properties  when  chemically  pure, 
but  a  trace  of  impurity  has  a  very  prejudicial  influence  on 
them. 

It  will  be  observed  that  in  many  cases  the  conductivities, 
have  not  been  determined,  a  remark  that  applies  to  other 
columns  of  the  table. 

SOLDERING. 

123.  It  is  well  known  that  a  solder  is  an  alloy  employed 
to  unite,  by  the  aid  of  heat,  two  metallic  bodies  that  are 
placed  in  contact.  A  solder,  then,  must  be  much  more 
fusible  than  the  metals  it  unites,  otherwise  these  latter  would 
be  damaged  by  the  degree  of  heat  applied.  Solder  is  all 
the  less  tenacious,  and  melts  the  more  easily,  according  aa 
the  proportion  of  the  most  fusible  metal  present  is  increased. 

This  fact  is  taken  advantage  of  when  several  solderings 
have  to  be  performed  on  the  same  object.  The  alloy  last 
employed  will  require  to  be  considerably  more  fusible  thaa 
the  first,  as  otherwise  the  heat  would  be  so  great  that  the 
earlier  joints  would  melt.  In  an  ordinary  lead-tin  solder, 
the  fusibility  is  increased  by  increasing  the  proportion  of  the 
latter  metal  till  the  lead  is  to  tin,  as  6  is  to  1.  This  alloy 
melts  at  194°  C.  (380°  F.),  and  the  melting  point  may 
be  still  further  reduced  by  adding  a  gradually  increasing 
proportion  of  bismuth. 


SOLDERING.  89 

As  the  melting  point  of  the  solder  approximates  to  that 
of  the  metals  to  be  united,  the  risk  of  damaging  these  latter 
is  of  course  increased,  but,  at  the  same  time,  the  joint  will 
be  aU  the  stronger  as  the  metal  will  be  almost  as  strong 
there  as  at  any  other  point,  and  it  can  be  forged,  &c. 

Solders  are  distinguished  as  hard  or  soft;  the  former 
require  the  application  of  a  red  heat,  and  can  therefore  only 
be  used  for  such  metals  as  gold,  silver,  brass ;  whereas  the 
latter  melt  at  very  low  temperatures,  and  can  be  employed 
for  metals  that  have  low  melting  points,  or  when  it  is 
important  not  to  exceed  a  moderate  degree  of  heat. 
The  joint  is,  however,  the  more  solid  according  as  the 
heat  employed  approximates  to  that  at  which  the  metal 
will  melt. 

124.  Composition  of  solders. — The  solders  ordinarily 
employed  can  be  obtained  at  tool-shops,  but  it  is  advisable 
to  give  here  the  composition  of  some  of  the  more  important, 
specifying  the  metal  to  which  they  are  apphcable. 

125.  Aluminium  solders. — I. Zinc,  70  parts;  copper,  15  ; 
aluminium,  15. 

II.  M.  Mourey  employs  a  series  of  aluminium-zinc  alloys, 
commencing  with  2  per  cent,  aluminium  to  98  per  cent. 
zinc,  and  progressing  to  20  per  cent,  of  the  former  to  80 
per  cent,  of  the  latter  metal. 

126.  Gold  solders, — I.  Gold,  6  parts ;  copper,  1  part ; 
silver,  2  parts. 

II.  Gold,  15  parts  ;  silver,  2  parts  ;  copper,  1  part. 

III.  €k)ld,  11*94  parts ;  silver,  54*74  parts  ;  copper,  28*17 
parts ;  zinc,  5*81  parts.  The  three  first  metals  are  melted 
tc^ther  in  a  crucible,  and  when  they  have  somewhat  cooled, 
a  rather  greater  proportion  of  zinc  than  is  here  indicated 
(to  allow  for  loss  by  volatilization)  is  added,  and  the  alloy 
constantly  stirred. 

127.  Silver  solders. — I.  Silver,  2  parts ;  brass  (for  pin- 
wire),  1  part. 

II.  Silver,  5  parts ;  pin-wire  brass,  1  part. 
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III.  Silver,  10  parts  ;  pin-wire  brass,  5  parts ;  pure  zinc, 
1  part. 

128.  Tin  solders. — I.  (Ordinary  soft  solder.)  Tin,  2 
parts ;  lead,  1  part. 

II.  (Harder,  and  known  as  "Plumbers'  Sealed"  solder.) 
Tin,  1  part ;  lead,  2  parts. 

III.  Many  other  proportions  of  tin  and  lead  are  occa- 
sionally used,  ranging  from  tin,  1  part ;  lead,  25  parts,  to 
tin,  6  parts ;  lead,  1  part. 

IV.  (Very  fiisible  solder,  melting  in  boiling  water.)  Lead, 
8  parts ;  tin,  5  parts ;  bismuth,  8  parts.  The  fusibility  is 
still  ftirther  increased  by  adding  mercury  or  cadmium. 

129.  Spelter  solders. — (Used  for  brazing.)  Copper  and 
zinc  in  varying  proportions.  It  becomes  more  fusible  as 
the  amiount  of  zinc  present  is  increased. 

METHODS   OF  SOLDERING. 

130.  A  thorough  cleansing  of  the  surfaces  to  be  united  is 
always  needful,  but  more  especially  so  in  the  case  of  soft 
soldering.  It  may  be  effected  by  means  of  acids  or  with  a 
graver  or  scraper,  &c.;  the  cleaned  surfaces  must  not  be 
touched  with  the  fingers,  and  the  soldering  should  be  done 
at  once.  If  acids  are  employed,  the  objects  should  be 
thoroughly  washed  after  soldering,  in  order  to  avoid  rust ; 
and,  after  drying,  they  should  be  rinsed  with  alcohol. 

The  parts  to  be  soldered  are  held  in  position  with  clamps, 
tweezers,  pins,  or  iron  wire.  This  latter,  known  as  binding 
wire,  is  used  for  delicate  objects  and  should  be  very  pliable. 
When  a  high  degree  of  heat  is  to  be  applied,  all  risk  of  the 
iron  uniting  with  gold  may  be  avoided  by  mixing  a  little 
sandiver  with  the  borax  employed.    (See  article  153*) 

Before  heating,  if  there  are  already  parts  united  with 
solder,  they  should  be  covered  with  borax  to  prevent 
softening. 

Only  a  moderate  heat  should  at  first  be  applied,  so  as  to 
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melt  the  borax  or  Bal-ammoniac  without  displacmg  it.  The 
yiolent  frothing  np^  which  is  very  liable  to  displace  the 
parts  or  the  fragments  of  solder,  can  thus  in  great  part  be 
avoided.  If  a  naked  lamp-flame  is  used,  or  if  it  is  directed 
on  to  the  object  with  a  blow-pipe,  it  should  be,  so  to  speak, 
large  and  soft,  and  the  jet  should  not  be  directed  to  the 
point  of  juncture  until  the  solder  is  observed  to  have  fused. 
In  soldering  brass  to  steel,  it  is  sometimes  necessary  to  direct 
the  flame  against  the  brass  only,  in  order,  as  &r  as  possible, 
to  avoid  softening  the  steel.  The  hard  solders  for  gold, 
silver,  &c.,  require  a  considerable  degree  of  heat,  so  that  the 
objects  must  be  heated  to  redness. 

131.  To  solder  gold  and  platinmn  to  each  other  or 

to  themselves. — On  a  hard  wetted  surface,  marble,  for 
example,  rub  a  piece  of  borax  until  a  white  liquid  paste  is 
obtained  (or  the  powdered  borax  sold  by  chemists  can  be 
made  into  paste  direct).  Having  prepared  the  borax,  the 
surfaces  to  be  united  are  cleansed  either  by  scraping  or  with 
dilute  nitric  acid  (155) ;  the  acid  may  be  previously  heated 
to  boiling  as  it  will  then  act  more  rapidly ;  and  the  surfaces 
are  subsequently  scraped.  They  are  now  covered  with  the 
borax  with  a  paint  brush,  set  in  position,  and  small  pieces  of 
solder  placed  on  the  junction.  As  already  observed,  the 
heating  must  at  first  be  gentle  to  avoid  displacing  the  solder 
by  the  frothing  of  the  borax. 

133.  To  solder  silver.— Also  for  uniting  gold  to 
silver,  or  silver,  brass,  steel  to  each  other  or  to  themselves. 
— Proceed  in  the  manner  already  explained  for  gold  and 
platinum,  except  that  the  borax  paste  must  be  sensibly 
thicker. 

133.  To  solder  tin.— Also  for  uniting  gold,  silver,  brass 
to  each  other  or  to  other  metals,  such  as  steel,  iron,  &c. 
— Clean  the  surface  with  a  graver  or  scraper  ;  sulphuric  or 
hydrochloric  acid  may  be  used,  but  in  this  case  the  cleansing 
afterwards  must  not  be  forgotten. 

The  heating  is  efiected  as  in  soldering  gold,  unless  a 
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soldering  iron  is  used,  when  the  directions  subsequently 
given  should  be  followed. 

134.  To  solder  aluminium. — M.  Mourey  recommends 
the  following  method  : — 

One  of  the  series  of  aluminium  solders,  No.  II. 
(art.  125),  is  employed  and,  as  a  flux,  two-thirds  of  bal- 
sam of  copaiba,  one-third  very  pure  Venice  turpentine, 
and  a  few  drops  of  the  juice  of  a  citron  ;  these  con- 
stituents are  pounded  together  in  order  to  secure  a  perfect 
admixture. 

The  surfaces  to  be  united  are  covered  with  solder  (employ- 
ing a  soldering  iron  of  aluminium)  just  as  in  the  case  of 
tinning  (137),  the  flux  just  mentioned  being  used.  The 
two  surfaces,  thus  prepared,  are  placed  in  contact  and  main- 
tained in  the  required  position,  and,  after  laying  on  the  joint 
particles  of  solder  that  are  richer  in  aluminium  than  the  one 
used  for  preparing  the  surfaces,  the  whole  is  placed  over  a 
charcoal  fire  or  heated  before  the  blow-pipe,  pressing  gently 
on  the  pieces  of  solder,  which  will  soon  melt  and  should  be 
distributed  by  means  of  a  little  tool  of  aluminium. 

During  this  second  stage  of  the  process,  it  is  necessary  to 
be  very  cautious  in  the  application  of  the  flux;  the. pieces  of 
solder  should  only  be  dipped  in  it  before  being  placed  in 
position,  for  the  flux  is  mainly  for  use  in  preparing  the 
surfaces  ;  as  soon  as  the  solder  has  run  well,  the  temperature 
should  be  lowered  in  order  not  to  dry  up  and  bum  the 
solder,  which  would  be  apt  to  become  brittle. 

In  preparing  the  solders,  the  aluminium  is  first  fused  and 
stirred  with  a  small  iron  rod  ;  then  add  the  zinc  and  stir 
again  ;  add  a  little  tallow  and  cast  the  solder  into  rods. 

The  zinc  must  not  be  too  much  heated,  as  it  wiU  vola- 
tilize, leaving  the  alloy  rich  in  aluminium  and  therefore 
brittle. 

135,  Fluxes  for  soldering. — ^Various  substances  can 
be  employed  as  fluxes  for  cleansing  the  surfaces  to  be 
united : — 
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Sal-ammoniac  reduced  to  powder  and  made  into  a  paste 
with  sweet  oil,  or  merely  dissolved  in  water. — A  paste  formed 
of  saUammoniac  and  7'esm,  reduced  to  powder,  with  water  or 
oiL — Resin  alone  will  suffice  for  the  soft  soldering  of  copper 
or  brass. — Venice  turpentine,  which  has  the  advantage  of  not 
causing  steel  to  rust,  although  it  makes  the  objects  sticky 
so  that  they  require  to  be  afterwards  rinsed  in  alcohol  or 
turpentine. 

Various  acid  solutions  arc  sold  for  the  purpose  and  ex- 
perience will  enable  the  watchmaker  to  select  that  which  is 
best  adapted  to  his  requirements. 

Lastly,  saturated  chloride  of  zinc  can  be  recommended.  It 
is  prepared  as  follows  : — 

Some  dilute  hydrochloric  add  (which  also  goes  by  the  name 
of  spirits  of  salts,  or  muriatic  acid)  is  placed  in  a  glass  flask 
and  strips  of  zinc  are  added  one  by  one  ;  the  flask  must  be 
left  uncorked  and  the  zinc  added  a  little  at  a  time,  lest  the 
eflfervescence  that  occurs  should  break  the  vessel.  When  the 
zinc  added  is  not  acted  on  by  the  fluid  it  may  be  concluded 
that  the  acid  is  saturated  or ''  killed."  and  the  fluid  may  then 
be  transferred  to  a  stoppered  or  corked  bottle  for  use.  In  using 
it  a  small  quantity  is  spread  over  the  surfaces  that  are  to  1)e 
nnited  and  the  solder  will  be  found  to  run  with  great  freedom 
(some  authorities  recommend  the  addition  of  sal-ammoniac 
to  the  extent  of  one-fourth  the  weight  of  acid  taken).  It  is 
well  again  to  warn  the  reader  that  the  pieces  must  be 
thoroughly  washed  after  employing  these  liquids,  for,  other- 
wise, they  will  cause  tools  with  which  they  are  brought  in 
contact  to  rust  and  will  rust  themselves  if  they  consist  wholly 
or  in  part  of  iron  or  steel.  The  vessel  containing  the  fluid 
must  be  kept  well  away  from  the  work-bench. 

The  liquid  can  be  used  inmiediately  after  being  prepared 
as  above  explained  ;  but  all  acid  reaction  may  be  prevented 
hj  evaporating  at  a  moderate  temperature  until  of  the  con- 
fiistenoy  of  oil ;  it  is  then  allowed  to  cool  and  kept  in  a 
bottle. 
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136.  The  soldering  iron  with  a  head  of  copper,  such 

as  is  used  by  tin-plate  workers,  is  weU  known ;  if  made  on  a 
small  scale  it  may  occasionally  be  of  service  to  the  watch- 
maker. The  tool  may  be  T"Shaped,  one  end  of  the  hori- 
zontal portion,  the  copper  head,  terminating  in  a  rather  thin 
blade  and  the  other  enlarged,  so  that,  when  held  in  the 
flame  of  a  lamp,  it  will  store  up  a  sufficient  amount  of  heat. 
The  upright  part  of  the  "T  corresponds,  of  course,  to  the 
handle.  After  the  iron  has  been  heated  just  short  of  redness 
in  the  dark,  the  end  of  the  blade  is  moistened  with  soldering 
fluid  and  a  small  piece  of  solder  attached  to  it.  The  object 
to  be  united  is  gently  heated  and  also  moistened  with  the 
fluid  ;  the  iron  charged  with  solder  is  presented  to  it,  often 
with  the  enlarged  extremity  of  the  head  maintained  in  the 
flame  of  a  lamp,  and  the  solder  will,  as  a  rule,  run  without 
again  heating  the  object,  although  this  might  be  done  while 
the  iron  is  still  in  contact.  It  may  be  found  convenient  to 
fix  the  iron  in  a  suitable  position  with  the  lamp  below  the 
large  end  of  the  head ;  the  object  will  then  be  brought 
against  the  iron  after  being  moistened  with  the  fluid. 

137.  It  is  ofljen  advisable  to  tin  the  surfaces  to  be  united 

previous  to  soldering  them ;  in  order  to  do  this  they  are 
moistened  with  soldering  fluid,  small  pieces  of  solder  are 
then  spread  over,  and  these  are  fused  by  passing  the  hot 
iron  over  the  surface ;  or  the  solder  can  be  spread 
after  fusion  by  means  of  a  metallic  rod  charged  with  the 
liquid. 

138.  Brazing  .—This  operation  consists  in  soldering  iron, 

steel,  brass,  or  copper,  with  an  easily  fusible  brass,  which  is 
specially  prepared  in  the  form  of  coarse  dust,  termed  spelter 
solder,  or  cut  in  thin  strips  of  convenient  shape  (129). 
The  method  resembles,  in  ^1  essential  particulars  the  appli- 
cation of  hard  solders  previously  referred  to  (131,  &c.). 

Heat  is  usually  applied  direct  by  the  blow-pipe,  borax 
being  used  as  a  flux,  and  the  precautions  taken  that 
are  mentioned  in  article  130 :  it  is  necessary  to  avoid  a 
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greater  degree  of  heat  than  would  melt  the  brass^  since  the 
object  might  in  that  case  be  fased.  For  fine  work,  it  is 
better  to  employ  silver  solder. 

On  an  emergency,  two  pieces  of  steel  can  be  united  by 
brazing  and  subsequently  hardened,  and  we  have  successfully 
poetised  this  method  in  such  a  case  as  the  following : — 
A  small  portion  having  been  broken  off  from  the  quarter-piece 
of  a  repeater,  we  dovetafled  into  it  another  piece  of  steel 
of  the  require  form,  but  a  trifle  too  large  at  the  upper  side, 
inien  the  brass  had  run  well  into  the  joint,  and  the  piece 
was  still  at  a  full  cheny-red  heat,  it  was  hardened,  and 
afterwards  cleaned  and  tempered  to  a  blue  colour.  The 
upper  sur&ce  was  then  brought  to  shape  with  a  good  file, 
resting  it  on  a  wooden  block  against  a  projection,  and, 
after  wM^nug  sure  that  it  would  act  correctly,  the  whole  was 
smoothed  and  polished.  It  has  since  worked  weU  and  does 
not  show  signs  of  wear. 

BRONZINa 

139.  To  bronze  copper.  —  The  following  are  two 
methods  recommended  for  bronzing  objects  of  this  metal, 
far  exiunple,  a  medaL 

BisBoIve  two  parts  of  verdigris  (acetate  of  copper)  and 
one  part  of  sal-anmioniac  in  vinegar.  Boil  the  solution^ 
skim  it,  and  dflnte  with  water  until  it  no  longer  possesses  a 
feeUy  metallic  smell,  nor  produces  a  whitish  precipitate  on 
the  additioa  of  water.  Then  let  it  boil  again  in  an  earthen- 
ware or  porcelain  vessel  and  transfer  it,  while  boiling,  into 
another  vessel  containing  the  perfectly  dean  medak,  &e^ 
and  |daoe  the  whole  on  the  fire.  As  soon  as  the  medals 
•flsnmft  the  required  colour,  remove  them,  and  wash  carefully 
in  dean  water. 

The  objects  must  not  be  left  too  long  in  the  acid  bath 
over  the  fiie,  becanae  the  lay^  of  oxide  would  become  too 
thkl^  and  would  easily  scale  off  the  sai&» ;  idiereas,  if  the 
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operation  is  properly  conducted,  the  coating  adheres  so 
firmly  that  it  cannot  be  separated  even  by  scraping.  Of 
course,  it  is  only  after  a  certain  number  of  trials  and  with 
experience  that  the  exact  moment  can  be  ascertained  for 
removing  the  objects  from  the  bath. 

It  is  very  necessary  that  the  bath  be  not  too  concentrated, 
as  the  superficial  oxide  becomes  proportionately  less  ad- 
herent :  moreover,  a  whitish  powder  is  deposited  on  the 
medal,  which  turns  green  on  exposure  to  the  air  and  spoils 
the  appearance  of  the  bronzing. 

140.  Chinese  bronzing. — ^The  Chinese  employ  the 
following  mixture  for  bronzing  copper,  the  several  con- 
stituents being  powdered  before  being  incorporated  together : 
2  parts  of  verdigris,  2  parts  of  cinnabar,  5  of  sal-ammoniac, 
5  of  alum,  and  2  parts  of  the  beak  and  of  the  liver  of  a 
duck.  A  paste  having  been  made,  with  vinegar,  it  is 
spread  over  the  perfectly  clean  surface  of  the  copper,  and 
the  whole  exposed  for  an  instant  to  the  fire,  then  allowed  to 
cool,  washed,  and  the  operation  repeated  as  often  as  may  be 
needed  in  order  to  obtain  the  desired  tint. 

By  adding  sulphate  of  copper  to  the  mixture  a  browner 
shade  will  be  obtained,  and  it  may  be  made  yellower  by 
adding  borax.  Copper  thus  treated  is  said  to  present  a 
beautiful  appearance,  and  to  be  so  permanent  that  neither 
air  nor  water  has  any  influence  against  it. 

141.  To  bronze  brass. — Dissolve  copper  turnings  in 
nitric  acid  until  it  is  completely  saturated.  Immerse  the 
brass  objects  to  be  bronzed  in  this  solution  after  they  have 
been  cleaned,  smoothed  with  water  of  Ayr  stone,  and  heated 
to  such  a  temperature  as  the  hand  can  just  support ;  on 
being  placed  over  a  charcoal  fire  they  will  assume  a  green 
colour  ;  rub  them  over  with  rags,  repeat  the  immersion  and 
heating  over  charcoal  until  the  required  tint  is  obtained. 
The  shade  may  be  improved  by  oiling  the  finished  surfaces. 

It  is  asserted  that  by  immersing  copper  articles  in  molten 
milphur  containing  lamp-black  in  suspension,  they  assume 
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the  appearance  of  bronze ;  and  that  they  may  even  be 
polished  withoat  losing  their  colour. 

GILDING. 

142.  Cold  gilding  without  the  aid  of  mercury.— 

Prepare  the  gold  in  fine  powder,  as  explained  in  the  foUow- 
ing  paragraph,  or  procare  it  from  the  dealers  in  chemical 
prodacts,  who  manufacture  it  of  various  tints.  Make  a 
mixture  of  this  powder  with  pure  rock  salt  and  cream  of 
tartar  (bitartrate  of  potash),  pulverized  in  the  same  manner 
as  described  in  speaking  of  silver-plating  (692)^  and  take 
the  same  precautions  in  its  application. 

The  gold  surface  will  present  a  dull  appearance ;  acid 
camiot  be  used  to  improve  its  colour  when  operating,  for 
example,  on  a  wheel  with  attached  pinion,  but  the  same 
result  may  be  attained  by  a  very  simple  method.  Rub  the 
object  after  plating  with  cream  of  tartar,  mixed  with  a  large 
proportion  of  water ;  then  immediately  wash  in  an  abundance 
of  warm  water  at  not  less  than  40®  C.  (104®  F.)  ;  soap  it 
thoroughly  so  as  to  neutralize  any  acid  that  may  remain, 
and  finally  pass  through  alcohol  to  dissolve  any  remaining 
soap. 

The  surface  will  be  still  further  improved  by  rubbing  with 
a  very  hard  piece  of  pith,  such  as  is  occasionally  met  with. 

M.  Bobert,  in  describing  the  above  method,  adds  : — "  In 
this  manner  I  have  gilded  cocks,  domes,  compensation 
balance  weights,  and  even  their  brass  rims.  When  skilfally 
and  expeditiously  performed,  the  pinion  need  not  be  dis- 
coloured ;  but,  if  it  is  at  any  time  slightly  marked,  it  may 
be  restored  by  at  once  rubbing  the  surface  with  a  soft  stick 
and  fine  rouge.*' 

143.  Preparation  of  ths  gold  powder. — As  already  observed, 
this  can  be  obtained  of  any  desired  colour  from  the  dealers  in 
chemical  products,  but  the  following  method  is  given  for  the 
benefit  of  any  one  who  desires  to  prepare  it  for  himself :  — 

H 
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Place  some  gold  in  thin  leaves  in  a  dish^  and  add  a  little 
honey,  thoroughly  intermixing  the  two  by  the  aid  of  a  glass 
rod  flattened  at  one  end  ;  then  place  the  paste  so  obtained 
in  a  glass  of  water  containing  a  little  alcohol,  washing  it 
and  allowing  the  powder  to  settle.  Decant  the  liquid  and 
again  wash  the  residue,  repeating  the  operation  until  a  fine 
brilliant  powder  is  obtained.  This  powder  is  mixed  as 
required  with  rock  salt  and  powdered  cream  of  tartar  in  the 
manner  already  described. 

144.  Second  method. — Dissolve  one  part  by  weight  (say 
about  10  grains)  of  pure  gold,  rolled  very  thin,  in  aqua 
regia  (155)  contained  in  a  porcelain  dish,  which  may  be 
gently  heated  on  a  sand-bath,  and  evaporate  the  acid  until  it 
assumes  a  blood-red  colour.  Add  about  80  parts,  by  weighty 
of  warm  distilled  water,  in  which  4  parts  of  crystallized 
cyanide  of  potassium  have  been  previously  dissolved ; 
thoroughly  stir  the  mixture  with  a  glass  rod,  and  filter  it 
through  a  glass  funnel. 

145.  Third  method. — Roseleur  recommends  the  following 
solution  for  gilding  by  simple  immersion.  Distilled  water, 
17  pints  ;  pyrophosphate  of  soda  (in  crystals),  28  ounces  ; 
hyckocyanic  acid,  ^  ounce  ;  crystallized  perchJoride  of  gold, 
§  ounce.  The  pyrophosphate  is  added,  in  small  quantities  at 
a  time,  to  16  pints  of  water,  in  a  porcelain  vessel,  stirring 
with  a  glass  rod  and  applying  gentle  heat ;  then  filter  and 
cool.  The  gold  salt  is  dissolved  in  a  small  amount  of  water, 
filter  and  add  to  the  cold  solution  of  pyrophosphate  ;  lastly, 
add  the  hydrocyanic  acid  and  the  solution,  heated  to  the 
boiling  point,  is  ready  for  use. 

The  articles  to  be  dipped  must  be  thorough^y  cleansed 
and  passed  through  a  very  dilute  solution  of  nitrate  of 
binoxide  of  mercury  :  they  must  be  constantly  agitated 
while  in  the  bath  and  the  best  coating  is  obtained  by  dipping 
the  articles  in  a  nearly  exhausted  solution  of  the  same  kind 
immediately  after  the  mercury  solution. 

146.  Electro-gilding.— But  the  method  most  usually 
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adopted  is  that  in  which  a  battery  is  employed.  It  is, 
however,  impossible,  within  the  limits  of  this  work,  to  ex- 
plain the  precantions  that  are  necessary  in  conducting  the 
process,  managing  the  battery,  &c.,  and  the  reader  mnst  be 
referred  to  works  on  electro-metallurgy*  for  these  details. 

147.  To  prepare  the  pieces  to  be  plated.— After  the 

snriace  has  been  stoned,  boil  the  object  for  a  few  minutes  in 
a  solution  of  soda  or  potash,  and  rinse  in  clean  water. 

Boseleur,  in  the  articles  already  referred  to,  gives  very 
fhn  instructions,  of  which  the  following  is  an  outline.  The 
reader  who  desires  to  obtain  more  complete  information  can 
oonsolt  the  works  mentioned  below. 

Attach  the  pieces  to  a  cork  and  brush  with  a  clean  brush 
charged  with  water  and  pumice-stone  powder  and  thoroughly 
rinse.  Place  them  in  a  solution  consisting  of:  water, 
^i  gal. ;  nitrate  of  binoxide  of  mercury,  ^  oz. ;  sulphuric 
acid,  y  oz.    Then  rinse  again. 

148.  Graining. — ^Mix  thoroughly,  with  the  application  of 
a  moderate  heat,  silver  powder  (690X1  ounce;  pure  common 
nit,  finely  powdered,  18  ounces ;  cream  of  tartar,  4  to  5 
oimoes.  M^  a  thin  paste  of  this  mixture  with  water  and 
spread  with  a  spatula  on  the  pieces :  having  mounted  them 
on  a  cork  to  which  a  rotatory  motion  is  given,  rub  them  in 
an  directions  with  a  brush  with  close  bristles;,  adding  fresh 
paste  fiom  time  to  time.  When  the  desired  grain  is  obtained, 
wash  and  scratch-brash  with  revolving  wire  brashes.  Three 
iA  these  are  often  used  of  varying  degrees  of  hardness  and 
a  decoction  of  Uqaorioe,  weak  size  or  stale  beer  is  liberallj 
api^ed  to  the  sur&ce. 

149.  Besist. — ^This  is  a  composition  jGdt  covering  steel 
ports  in  order  to  protect  them  from  the  action  of  the  acids,  kt*f 

*GcK^z  "Theaiiof  dectio-metaniirgj''(L(>agman«>;  A.^^ 
**^  Elcctio^nietoTbiTgy  pcacdcanj  cooodered  "  (Crosbj,  Lodcwood  ftnd 
Co.);  J'  Napier:  "EUctro-meUnnrgy; "  BomUnr:  "Practical  In- 
straetioos  to  Eleciroplatera,  Ice./'  in  YoU,  VI,  and  TIL  ot  Tk^ 
WmUkMMkeTf  JtwtUer  tmd  SUs^rtmitA, 
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in  the  various"  processes  of  cleaning,  graining  and  gilding. 
It  consists  of  yellow  wax,  2  ounces  ;  clear  resin,  3^  ounces  ;; 
very  fine  red  sealing-wax,  1^  ounces  ;  finest  rouge,  1  ounce. 
Melt  the  resin  and  sealing-wax  in  a  porcelain  dish,  then  add 
the  yellow  wax,  and,  when  the  whole  is  thoroughly  liquid, 
gradually  add  the  rouge,  stirring  with  a  glass  rod.  The 
parts  to  be  coated  are  slightly  heated  and  covered  with  the 
mixture. 

To  remove  the  resist  after  the  gilding  process  is  com- 
pleted place  the  pieces  in  warm  oil  or  turpentine,  then  in  a 
very  hot  soapy  or  alkaline  solution  and  lastly  in  fresh  water. 

150.  When  prepared  as  above  explained  the  object  may  be 
gilt  by  one  of  the  preceding  methods :  of  course  a  hot  solu- 
tion cannot  be  resorted  to  when  the  resist  has  been  applied. 

Some  further  information  more  especially  referring  ta 
watch  dials  will  be  found  in  articles  694 — 5  ;  the  articles  on 
silvering  dials  (680 — 693)  may  also  be  consulted  with 
advantage. 

151.  To  clean  objects  that  are  of  gold  or  gilt.— 

The  following  method  is  equally  applicable  to  pieces  that  are- 
gilt,  such  as  cocks,  domes,  &c.,  the  frames  and  parts  of  time- 
pieces and  to  either  gold  or  gilt  jewellery. 

To  about  a  tumbler  of  water  add  20  drops  of  strong- 
ammonia.  Immerse  the  object  several  times  in  this  mixture 
and  brush  it  with  a  soft  brush ;  as  soon  as  the  operation 
appears  to  be  completed  (which  experience  will  soon  enable- 
the  workman  to  ascertain),  wash  in  pure  water,  then  in 
alcohol,  and  dry  with  a  fine  linen  rag.  The  original  brilliancy 
of  the  gilding  will  then  be  restored. 

When  the  coating  is  thin  and  has  been  galvanically 
deposited  only  very  soft  brushes  must  be  used. 

Gilders  instead  of  dipping  in  alcohol  and  drying  with  a 
linen  rag  usually  immerse  the  pieces  in  fine  wood  sawdust, 
leaving  them  long  enough  to  become  thoroughly  dry  :  after 
this  treatment  they  merely  require  to  be  shaken  and  lightly 

ibed  with  a  fine  brush. 
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The  sawdust  must  be  perfectly  dry ;  indeed  it  is  a  good 
plan  to  slightly  warm  it  by  placing  the  wooden  box  contain- 
ing it  for  a  few  minutes  on  a  hot  oven  or  stove  in  the  winter 
and  exposing  it  to  a  hot  sun  in  the  summer. 

Instead  of  anmionia,  alum  (156)  is  sometimes  boiled  in 
water  and  the  objects  dipped  two  or  three  times  in  this 
solution,  subsequently  brushing  as  in  the  previous  case. 

152.  To  restore  the  dead  surface  of  gold  or  gilt  objects, — 
Place  them  for  two  or  three  minutes  in  chlorine  water,  rinse 
in  clean  water,  soap  them  and  finally  dry  in  sawdust.  It  is 
advisable  that  parts  that  are  poUshed  be  prevented  from 
actual  contact  with  the  Uquid  as  it  would  produced  a  some- 
what deadened  sur&ce. 

153.  To  clean  gold  jewellery  after  soldering, — Particles 
of  binding  wire  are  often  left  adhering  to  the  surface  of 
jeweUery  after  soldering,  and,  on  dipping  the  object  into 
the  dipping  liquid,  a  layer  of  oxide  may  be  formed.  This 
can  be  removed  without  detriment  to  the  polished  sur- 
£Eu;e8  by  plunging  the  object  for  a  few  seconds  in  nitric 
acid  (155;. 

ACIDS   AND    SALTS. 

154.  The  watchmaker  has  occasion  to  employ  a  few  acids 
and  salts.  He  should  never  forget  the  advice  already  given 
to  keep  them  away  from  his  work-bench,  and  always  to  well 
wash  a  piece  of  metal  that  has  been  in  contact  with  them. 

155.  Acids. — Nitric  add,  either  in  a  concentrated  or 
-dilute  form,  will  dissolve  iron,  steel,  copper,  lead,  silver,  zinc, 
brass,  nickel,  mercury,  German  silver.  It  does  not  dissolve 
tin,  but  reduces  it  to  a  white  powder,  known  as  metastannic 
acid.  Hence  if  an  attempt  be  made  to  dissolve  bronze, 
which  contains  tin,  this  metal  is  deposited,  and  the  copper 
and  zinc  pass  into  solution. 

SulpJiuric  add  will  dissolve  iron,  steel,  copper,  tin,  silver, 
sine,  brass,  nickel,  mercury,  Glerman  silver. 

Hydrochloric  add  will  dissolve  iron,  steel,  copper  (slowly). 
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tin  (slowly),  zinc,  brass  (slowly),  nickel,  German  silver 
(slowly). 

Aqica  regia,  a  mixture  of  about  2  parts  hydrochloric  and 
1  part  nitric  acid  will  dissolve  all  the  above-named  metals, 
and  in  addition,  gold  and  platinum  although,  separately^ 
neither  acid  will  attack  these  metals. 

Hydrofltwric  add  attacks  and  dissolves  all  metals  except 
platinum,  lead,  and  silver  with  violent  effervescence.  It  is 
also  used  for  etching  on  glass  or  enamel.  It  is  usually  pre- 
served in  gutta-percha  bottles,  and  is  of  such  a  dangerous 
nature  that  no  use  should  be  made  of  it  without  a  good 
knowledge  of  its  properties. 

Acids  are  rarely  employed  pure  by  watchmakers;  they 
are  diluted  with  water.  Nitric  acid  of  commerce  has  a 
density  of  about  1*4:  (38°  on  Baume's  hydrometer).  If 
this  density  is  reduced  by  the  addition  of  water,  to  1*16 
(20°  Baume),  we  obtain  the  acid  most  commonly  employed. 
For  cleaning  metallic  surfaces  prior  to  soldering,  &c  ;  for 
giving  a  grained  surfece  to  brass,  and  for  whitening  blue 
steel,  special  proportions  are  found  most  convenient  which 
the  reader  can  best  determine  experimentally  for  himself, 
remembering  that  the  action  of  the  acid  shoidd  neither  be 
too  quick  nor  too  slow.  When  once  he  has  ascertained  the 
best  proportion,  he  can  always  recover  it  by  the  aid  of  the 
hydrometer. 

156.  Salts. — Borax  serves  as  a  flux  in  soldering  gold,, 
^ver,  platinum,  &c.  (131) ;  also  for  the  same  purpose  in 
brazing  (138) ;  it  is  met  with  in  crystals  or  as  a  powder. 

Sal-ammomac  (also  called  chloride  of  ammonium)  is  used 
for  soldering  tin,  either  as  a  powder  or  made  into  a  paste 
with  sweet  oil  or  with  water,  or  mixed  with  resin. 

Alum  dissolved  in  water  may  occasionally  be  used  in  place 
of  nitric  acid  for  cleaning  surfaces  that  have  been  soldered  ; 
it  attacks  iron  and  steel  more  energeticaUy  than  copper,  zinc, 
or  brass.  This  fact  is  often  taken  advantage  of  for  re- 
moving broken  screws,  &c.,  from  brass  plates.    All  other 
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steel  parts  are  removed  and  the  plate  placed  in  a 
solution  of  alum,  when  the  steel  screw  is  gradually  eaten 
away  by  being  converted  into  rust.     (See  370.) 

In  100  parts  of  cold  water  only  9  parts  of  alum  will 
dissolve,  but  if  the  water  be  boiled  it  will  take  up  75  parts. 
Its  action  wUl  then  be  proportionately  more  energetic  when 
boiling. 

oru 

157.  The  oil  intended  for  use  as  a  lubricant  for  watch- 
work,  <&c.,  should  be  kept  away  from  the  light,  as  otherwise 
it  would  be  discoloured;  it  is  on  this  account  that  the 
bottles  containing  such  oil  are  frequently  covered  with  black 
paper.  Only  the  quantity  wanted  for  immediate  use  should 
be  placed  in  the  oil-cup. 

Two  preliminary  tests  will  afford  some  indication  as  to 
the  quality  of  an  oil.  A  thick  layer  is  placed  on  a  small 
portion  of  the  surface  of  a  glass  plate,  and  side  by  side  a 
similar  layer  of  another  oil  used  for  comparison,  and  they 
are  exposed  to  the  air  for  some  time  without  being  touched. 
The  one  that  is  found  to  be  sticky  under  the  finger  when 
the  other  has  dried  up  will  in  all  probability  be  preferable. 
The  flecond  preliminary  test  is  made  on  a  whetstone  ;  it  is 
usually  found  that  the  oil  that  takes  the  longest  time  to 
thicken  is  of  better  quality.  Of  course  these  tests  will  only 
suffice  to  afford  a  rough  approximation,  and  cannot  be 
accepted  as  conclusive. 

The  mode  adopted  for  testing  either  the  acidity  or  the 
purity  of  oil  wiU  afford  no  evidence  as  to  how  long  it 
will  maintain  its  fluidity ;  and  very  good  results  have  at 
times  been  secured  by  the  use  of  oils  that  were  slightly  acid, 
or  from  mixtures  of  oils  of  two  or  more  qualities. 

Many  of  the  methods  recommended  for  purifying  oils  are 
to  a  great  extent  illusory,  for  they  cannot  impart  to  the 
fluid  characteristics  that  are  wanting  from  the  beginning. 
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Success  depends  largely  on  the  skill  of  the  manipulator ;  and 
if  he  is  not  endowed  with  the  power  of  judging,  mainly  by 
the  taste,  whether  oil  satisfies  certain  prescribed  conditions, 
he  can  never  be  certain  of  the  result.  Crops  differ  as  regards 
degree  of  maturity,  &c.,  from  year  to  year  ;  and  the  animals 
from  which  oils  are  procured  are  rarely  in  the  same  condition 
as  regards  health,  age,  nourishment,  &c. 

Tests  made  on  a  whetstone  and  on  a  window-pane,  as  well 
as  observations  made  on  drops  of  oil  placed  in  jewel-holes, 
or  in  oil-cups  in  a  metal  plate  kept  for  the  purpose — some  of 
the  drops  being  exposed  to  the  air,  while  others  are 
in  closed  boxes — will  afford  valuable  indications ;  and, 
according  to  the  observations  of  M.  H.  Robert,  it  is  safe 
to  consider  an  oil  bad  if,  at  the  end  of  six  or  eight  days 
after  being  placed  on  a  plate  of  good  brass,  it  shows  a 
marked  green  tinge — especially  so  if  a  clearly-defined 
fringe  forms  round  the  drop,  or  else  if  the  brass  itself  is 
discoloured. 

After  all,  the  only  evidence  on  wjiich  the  watchmaker  can 
rely  is  that  which  he  obtains  by  experimenting  on  watches 
which  he  keeps  to  lend  to  his  customers  while  their  own  are 
undergoing  repair,  and  these  trials  should  last  for  at  least  a 
year. 

And  there  is  great  variety  among  the  wearers  of  watches. 
Some  live  in  constantly-varying  temperatures,  often  dusty ; 
many  ladies  use  perfumes  ;  some  persons  perspire  more 
than  others  :  all  these  causes  influence  the  oil,  and  make 
it  alter  or  evaporate  more  rapidly  in  one  watch  than  in 
another. 

158.  To  secure  the  maximum  permailency  in  oil.— 

In  the  case  of  very  many  watchmakers  who  complain  bit- 
terly of  the  oils  they  employ,  the  fault  is  their  own  and  not 
that  of  the  oil ;  for  they  neglect  the  most  simple  precautions 
both  in  purchasing  and  in  using  it. 

The  following  are  a  few  points  to  which  attention  should 
be  given : — 
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Do  not  hnj,  finom  motives  of  economy,  bottles  that  have 
lain  for  years  in  the  shop. 

Keep  the  oil  away  from  the  light,  and  only  take  in  the  oil- 
cap  the  amount  required  for  immediate  nse,  as  stated  above. 

Ascertain  that  the  watch-cases  close  well  If  they  do 
not,  there  will  be  air-cnrrents  generated,  and  the  oil  will 
soffer. 

The  oil  in  a  cylinder  escapement  will  always  deteriorate 
very  rapidly ;  some  watchmakers  coat  over  the  inside  of  the 
dome-joint  and  recommend  the  owner  not  to  open  it.  By 
doing  so,  the  oil  can  be  maintained  in  good  condition  at  the 
eacapement  for  a  long  time. 

Lastly,  when  cleaning  a  watch,  the  work  should  be  con- 
adendously  done.    This  point  is  very  important. 

When  the  parts  are  carelessly  cleaned  with  soap  or  with 
impure  benzine,  they  will,  after  a  few  months,  assume  a  dull 
colour,  in  consequence  of  a  thin  layer  of  the  materials  used 
in  cleaning  having  been  left  on  the  surface.  It  has  at  times 
been  noticed  that  steel  work  was  preserved  from  rust  through 
the  perqnration  of  the  wearer,  after  being  cleaned  by  certain 
fluids.  Evidently  this  was  due  to  a  thin  coating  having  been 
left  on  the  sm&ce  of  the  metaL  The  conclusion  to  be  drawn 
is  obvious :  dean  carefully,  push  the  pivots  into  rather  hard 
pith,  finish  with  a  soft  brush  in  proper  condition,  and  dear 
oat  ail  pivot-holes  with  pegwood. 

159.  Mixed  oils :  camphorated  oils.— Good  results  are 

frequently  obtained  by  mixing  tc^ther  two  different  kinds 
of  oiL  Thus,  American  watch  oil,  which  is  very  fluid  and 
apt  to  evaporate  at  the  temperature  of  the  pocket,  is  im- 
proved by  the  addition  of  a  somewhat  thicker  oil.  A 
mixture  of  real  American  oil  with  the  Rodanet  oil  has  been 
recommended  as  excellent.* 

*  Althongli  no  results  have  been  published  on  the  question,  it  seems 
probable  that  some  of  the  modem  mineral  lubricating  oils  might  be 
added  with  advantage  in  smaU  quantities  to  the  oidinaiy  oils.  (Se« 
Hot,  Jotirn.,  xxiii.  (1881),  p.  101.) 


i 
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There  are  some  who  advocate  the  addition  of  a  small 
quantity  of  camphor  to  an  oil  that  is  known  to  be  satisfac- 
tory, but  we  cannot  answer  for  it  from  personal  experience. 

160.  Sinks. — In  cleaning  it  is  important  to  avoid 
removing  the  gilding  in  the  oil-sinks  of  watches  or  the 
superficial  oxide  in  the  sinks  of  clocks  that  have  been 
going  for  a  considerable  time.  For  if  it  be  removed,  there 
will  be  a  fresh  coating  formed  in  time,  and  this,  too,  at  the 
expense  of  the  oil. 

In  new  timepieces  that  are  not  gilt  it  is  well  worth  while 
polishing  the  sinks  over  their  entire  surface.  If  not  appUed 
too  liberally,  the  oil  will  then  be  more  likely  to  remain  in 
contact  with  the  end  of  the  pivot.  Moreover,  as  the  surface 
is  smoothed  and  hardened  and  its  pores  are,  as  it  were, 
closed  by  the  action  of  the  polisher,  the  oil  will  oxidize  more 
slowly.    This  fact  was  first  pointed  out  by  Eobin. 

161.  Caution  to  be  observed  in  applying  oil, — ^The  pre- 
cautions to  be  observed  in  applying  oil  will  be  better  con- 
sidered in  Part  V.  of  this  work,  where  we  shall  describe  the 
method  of  cleaning  and  putting  a  watch  together  (se6 
articles  530—3). 

162.  Eetention  of  oil  on  acting  surfaces.— Since  oil 

is  essential  in  order  to  diminish  friction,  and  the  movement 
of  the  bodies  to  which  it  is  applied  tends  to  drive  it  from 
the  surfeces  of  contact,  it  is  important,  with  a  view  to  its 
being  constantly  brought  back  and  maintained  in  proximity 
to  these  surfeces,  that  they  be  formed  in  accordance  with 
certain  rules  based  on  the  laws  of  hydrostatics.  We  cannot, 
however,  enter  on  this  subject  here,  but  would  refer  the 
reader  to  pp.  35  to  40  of  the  Treatise  on  Modern  Horology, 
where  he  will  find  it  discussed. 


ALCOHOL. 

163. — Only  what  ^is  known  as  rectified  alcohol  should  be 
used  in  cleaning  parts  of  watchwork.    The  copper  pan  in 
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which  it  is  made  to  boil  should  not  be  too  thin.  The 
handle  ahonld  be  so  arranged  that  it  can  be  fixed  in  thevioe, 
and  the  lamp  held  under  the  pan. 

When,  in  heating,  the  alcohol  ignites,  it  is  best  not  to 
attempt  its  extinction  by  blowing  ;  if  the  pan  is  held  against 
the  nnder  side  of  the  bench  the  flame  will  at  once  be  put 
out,  or  this  can  be  effected  by  merely  laying  a  piece  of  sheet 
m^bel  oyer  the  pan.  A  good  plan  for  preventing  ignition, 
is  to  make  a  lid  of  wire  gauze,  which  is  placed  over  the 
pan  doling  the  a{^cation  of  heat. 

The  substance  known  as  *^  methylated  spirit "  is  a  cheap 
preparation  of  alcohol,  and  of  use  for  burning  in  a  spirit 
lamp,  and  for  other  purposes  where  the  alcohol  is  not 
required  to  be  pure. 

BENZINE,   ETC. 

164L  This  and  other  preparations  of  a  similar  nature, 
sndi  as  Essence  Lemoine,  Essence  Uenevoise,  &c.,  are  much 
used  for  dissolving  clogged  oil  and  other  substances  of  a 
greasy  nature  from  parts  of  watches  in  cleaning.  Notes 
in  r^ard  to  their  use  will  be  found  in  article  525. 

POLISHING    MATERIALS. 

165.  The  following  account  of  the  materials  used  for 
polishing,  is,  for  the  most  part,  extracted  from  Holtzapffel's 
Turning  and  Meehaniail  ManipulaUony  to  which  the  reader 
18  lefenced  for  friller  information  in  regard  to  them,  and  to 
their  mode  of  apjdication  : — 

Buff  leather^  glued  to  a  flat  snr&ce,  or  to  the  edge  of  a 
revolving  disc,  is  used  with  emery,  crocus,  rottenstone,  and 
other  powders. 

Charcoal  is  much  used  by  steel  and  copperplate  engravers. 
That  made  by  burning  elder  without  access  of  air  is 
considered  the  best,  but  willow  and  elm  have  also  been 
leoommended. 
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Diamond,  in  the  form  of  powder,  is  used  by  lapidaries, 
seal  engravers,  and  watch-jewel  makers.  The  latter  obtain 
the  diamond  lort  that  is  rubbed  off  stones  in  facetting,  and 
they  separate  it  into  various  degrees  of  fineness,  by  decanta- 
tion  (169).  The  mode  of  applying  it  is  described  in 
articles  207—216. 

Diamantine,  Sapphuine,  Kubitine,  &c.,  are  names  given 
to  various  chemical  preparations  for  polishing  to  be  obtained 
at  the  tool-shops  ;  they  must  not  be  assumed  to  consist  in 
any  way  of  the  jewels  from  which  their  names  are  derived. 

Emery. — ^t  the  present  day,  oilstone  dust  is  very  fre- 
quently replaced  by  emery  with  oil  or  water,  especially  in 
clockwork.  Any  required  degree  of  fineness  can  be  obtained 
by  decantation.  Emery  dast  is  sometimes  used  in  place  of 
rouge  for  polishing. 

The  solid  emery  wheels  and  sticks,  that  are  now  common 
in  the  trade,  work  rapidly,  but  they  have  the  disadvantage 
of  heating  steel,  and  many  of  them  soon  become  pasty. 
The  heating  renders  them  less  suitable  for  grinding  gravers, 
but  they  are  very  convenient  for  roughly  shaping  steel  work, 
or  removing  the  hard  surface  caused  by  the  application  of 
heat. 

To  maJce  enter i/ paper. — If  occasion  requires  it,  this  can  be 
done  as  follows  : — Fix  a  sheet  of  stout  blotting  paper  on  a 
board,  glueing  it  round  the  edge.  Having  put  emery  powder 
into  a  sifter,  the  mesh  of  which  has  the  requisite  degree  of 
fineness,  and  rapidly  covered  the  surface  of  the  paper  with 
thin  hot  glue,  shake  the  sifter  lightly  over  the  paper  until 
it  is  evenly  covered,  and  leave  to  cool.  When  dry,  detach 
the  paper  and  shake  it  vigorously  to  detach  loose  grains. 

Hone  slates. — Under  this  heading  are  included  a  great 
variety  of  stones  used  for  smoothing  and  polishing. 

Ayr-sione  or  water  of  Ayr  stone  is  much  used  for  smoothing 
brass  work  prior  to  gilding  (142),  &c. ;  it  should  be  kept 
wet  in  order  to  prevent  it  from  becoming  hard. 

Blue  polishing  stone  is  much  used  by  jewellers,  clock- 
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miA:ers,  and  others  ;  it  is  recommended  for  use  in  spotting 
(174)  and  for  polishing  wheels  (176). 

Oilstone. — ^This  forms  the  quickest  cutting  whetstone 
known.  Oilstone  slips  are  used  by  watchmakers  after  the 
manner  of  files.  Oilstone  powder  or  dust  is  much  used  in 
the  earlier  stages  of  polishing,  and  is  preferable  to  emery 
in  that  it  does  not  leave  particles  embedded  in  the  surface 
of  the  metaL  On  pewter  laps  it  may  also  be  employed  for 
polishing  steel  work. 

Oxides  of  iron. — Under  this  head  are  included  the  several 
materials  known  as  crocus,  rouge,  red-stuff,  colcothar  of 
vitriol,  &c.  It  is  advisable  to  remove  gritty  particles  from 
these  materials  before  using  by  decantation  (168). 

Pumice  stone  is  extensively  used  for  polishing  cut-glass^ 
and  is  applicable  to  brass  and  other  metal  work. 

Pvtty  powder  is  oxide  of  tin,  or,  more  commonly,  of  tin 
and  lead  in  varying  proportions.  The  whitest  kind,  pro- 
Tided  it  be  heavy,  is  considered  the  best. 

Rottenstone. — This  variety  of  tripoli,  which  is  met  with 
in  Derbyshire,  is  of  the  greatest  value  for  polishing  brass 
work,  as  well  as  for  silver,  glass,  and  even  the  hardest  stones. 

Tripoli  is  of  a  greyish  yellow  or  red  colour,  and  consists 
mainly  of  silica.  Its  principal  use  is  in  the  polishiug  of 
hardwoods. 

Whiting  is  common  chalk,  ground,  washed  to  remove 
sand,  &c.,  and  dried  in  lumps. 

166.  Polishing  Stones. — The  following  method  is 
described  by  M.  Cadot  for  preparing  these  stones,  which 
are  very  useful  for  polishing  a  wheel  that  is  not  riveted  to 
its  pinion  (see  article  185). 

Carefully  select  a  blue  stone  ;  after  dressing  its  surface, 
smooth  it  with  emery  paper  of  gradually  increasing  fineness. 
Saturate  the  surface  with  oil,  and  rub  it  with  a  common 
piece  of  rough  sapphire,  one  face  of  which  is  flat  and  partly 
smoothed,  until  the  surface  of  the  stone  is  hardened. 

Sach  a  stone  is  used  dry.    The  wheels  must  previously 
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have  been  carefdllj  smoothed,  since  the  stone  does  not  abrade 
the  metal.  If  care  is  taken  to  avoid  scratches,  the  sor&ce 
will  last  for  a  long  time,  although,  of  course,  it  is  only 
serviceable  for  gold,  brass,  nickel  or  metals  of  a  similar 
degree  of  hardness. 

167.  The  several  materials  used  for  polishing  must  be 
kept  carefhllj  packed  (glass-stoppered  bottles  are  preferable), 
as  a  few  grains  of  dust  or  of  foreign  bodies  will  sufSce  to 
prevent  the  operation  of  polishing  from  being  successful. 
Polishers  should  be  filed  very  smooth  with  a  perfectly  clean 
file  that  is  not  quite  new.  Files  that  are  dirty  or  new  will 
deposit  small  hard  particles  of  dirt  or  cause  pieces  off  the 
points  of  their  teeth  to  become  embedded  in  the  surfece  of 
the  polisher. 

PREPARATION    OF   POLISHING    MATERIALS. 

168.  Decantation.— This  consists  in  causing  a  material 
in  a  fine  state  of  sub-division  to  fall  slowly  through  a  liquid 
with  the  view  to  separate  coarse  particles  or  Various  degrees 
of  fineness  by  taking  advantage  of  their  different  rates  of 
descent. 

The  watchmaker  should  prepare  all  his  smoothing  and 
polishing  materials,  &c.,  by  decantation.  He  will  by  this 
means  obtain  them  in  grains  that  are  much  more  uniform  in 
size,  of  any  required  degree  of  fineness  and  free  from  hard  or 
large  particles. 

The  operation  is  exceedingly  simple.  The  material  having 
been  pounded  under  the  hammer  or  otherwise,  is  thrown 
into  a  vessel  more  or  less  filled  with  a  liquid,  water,  oil,  &c. 
After  being  thoroughly  stirred,  it  is  dlowed  to  partially 
settle,  and  the  liquid  is  carefully  poured  into  another  vessel. 
All  the  coarse  heavy  grains  will  be  found  as  a  residue  in  the 
first  vessel ;  they  are  collected  and  used  for  coarse  work. 
After  again  stirring  and  leaving  to  settle  for  a  longer  period, 
the  liquid  is  again  poured  off,  and  the  powder  thus  separated 
will  be  the  second  degree  of  fineness,  so  that  it  may  be 
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termed  No.  2.  Bj  snccessiyc  operations,  in  which  a  fn^- 
doally  increasing  interyal  of  time  is  allowed,  Nos.  3,  4,  <&o., 
can  be  obtained ;  that  is  to  saj^  a  series  of  powders  of  the 
same  material  but  presenting  a  greater  degree  of  uniformity 
in  the  size  of  grains  and  of  graduaUj  increasing  fineness.  It 
may  be  obserred  that  when  the  powder  of  the  requisite 
d^ree  of  fineness  is  nearly  attained  the  mass  should  be  left 
to  settle  until  the  following  day,  or,  rather,  until  the  fluid  is 
dear ;  then  decant  carefully  so  as  not  to  lose  any  of  the 
deposit. 

j:\  . 


^--*   - 

\ 

FiQ.  2. 


When  treating  a  material  that  is  soft  and  friable,  it 
Bhould  be  crushed  between  the  fingers,  as  by  using  a 
hammer  hard  grains  of  foreign  matter  might  be  accidentally 
intermixed. 

Oil  may  be  used  for  decanting  diamond  powder  or  oilstone 
dost  for  smoothing ;  water  for  rottenstonc  or  tripoli ;  alcohol 
for  hartshorn,  &c. 

169.  To  prepare  diamond  powder.  —  Select  rough 

diamonds  of  a  olackish  tint,  of  such  a  size  that  there  are  four  or 
five  to  a  carat.    These  are  crushed  in  a  hard  steel  mortar  of 
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the  form  indicated  in  ^g.  2,  the  pesfcle  being  provided  with 
a  small  stuffing  bo:c  that  can  be  brought  down  on  to  tho 
mortar  to  prevent  the  escape  of  diamond-dust ;  but  it  is  well 
to  first  crush  one  stone,  with  a  single  blow  of  the  hammer 
on  the  pesfcle  ;  remove  all  the  fragments  and  examine  the  end 
of  the  pestle  ;  it  will  be  found  that  a  number  of  particles  have 
bedded  themselves  in  it,  and  these  should  be  examined  to 
select  pieces  to  serve  as  drills  and  gravers  (209).  The 
larger  fragments  serve  for  gravers^  and  particles  should  be 
sought  that  are  as  nearly  as  possible  triangular  prisms  about 
1-50  inch  long  for  making  drills.  The  other  stones  may 
be  treated  in  similar  manner  tiU  enough  fragments  are  found. 
Now  place  all  ofcher  pieces  in  the  mortar,  and  continue  for 
two  or  three  hours  striking  the  pestle  with  a  hammer, 
turning  it  partly  round  after  each  few  blows  to  prevent  the 
powder  from  imbedding  itself  in  the  steel.  When  no  "bite"" 
is  perceived  in  rotating  the  pestle,  the  diamond  is  sufficiently 
reduced  ;  it  is  shaken  out  of  the  mortar  into  a  watch-glasa 
containing  the  most  limpid  oil  attainable,  and  if  necessary 
the  fragments  are  released  by  a  steel  spatula,  at  the  same 
time  striking  the  external  surface  of  the  mortar  with  the 
hammer.  Thoroughly  mix  the  oil  and  powder,  subdividing- 
this  latter  as  much  as  possible  by  rubbing  against  the  glass, 
with  a  spatula ;  allow  the  mixture  to  rest  for  an  hour  and 
pour  off  the  liquid  into  a  second  glass,  leaving  the  larger 
particles  behind.  Leave  the  oil  in  the  second  glass  for  four 
hours  and  again  decant  into  a  third  glass  with  the  same  pre- 
cautions. This  is  left  for  eight  hours,  and  the  next  glass, 
for  sixteen  hours.  When  all  the  powder  has  thus  settled 
pour  off  the  oil,  and  the  several  degrees  are  ready  for  use  in 
the  manner  indicated  in  articles  207 — 210. 

Some  jewellers  prefer  to  leave  the  powder  for  two  or  three 
days  in  a  mixture  of  equal  parts  nitric  and  sulphuric  acid 
in  order  to  dissolve  particles  of  steel.  The  acids  are  then 
much  diluted  with  water,  left  for  some  days  and  decanted* 
Tlien  wash  the  powder  in  two  fluid  ounces  of  pure  alcoholy 
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leave  for  two  dajB^  decant  and  dry,  and  afterwards  treat  with 
oiL    The  operation  is  long  and  hardly  necessary. 

SMOOTHING. 

170.  If  a  snrface  is  smoothed  well^  the  labour  of  polishing 
will  be  diminished  by  at  least  one-half,  and  it  is  an  essential 
preliminary  if  a  good  gilding  on  brass  is  reqnired. 

The  materials  most  frequently  used  are  emery  and  oilstone 
dost  for  steel,  pumice  and  water  of  Ayr  stone  for  brass. 
The  stones  should  not  be  traversed  by  veins,  nor  exhibit 
hard  grains.  Powders  should  be  freed  from  large  or  hard 
grains  by  decantation  (168),  and  it  is  advisable  to  repeat 
this  operation  several  times  in  order  to  have  several  degrees 
of  fineness. 

SMOOTHING   OF    BRASS. 

17L  Every  watchmaker  knows  that  after  finishing  the 
object  with  a  smooth  file,  it  is  smoothed,  first  with  a  blue 
stone  or  a  rather  coarse  water  of  Ayr  stone,  and  then  with 
one  of  finer  grain.  If  the  brass  is  to  be  gilt,  the  operation 
18  conclnded  with  a  series  of  circular  strokes,  so  as  not  to 
leave  any  striae  or  bright  spots  ;  if  the  sur&ce  is  to  be 
spotted  or  watered  the  final  strokes  should  all  be  parallel 

A  soft  piece  of  charcoal  applied  with  water  may  also  be 
lued  to  objects  intended  for  gilding ;  in  other  cases  it  is 
used  with  oiL 

172.  Wavy  or  watered  smoothing.— This  is  done 

with  water  of  Ayr  stone  and  oil  carefully  prepared,  or  with 
a  piece  of  wood  charged  with  oilstone  dust,  &c.  The  oiled 
comer  of  an  emery  buffstick  can  occasionally  be  used. 

To  obtain  wavy  undulations  on  a  smooth  piece  of  metal, 
the  finger  should  first  be  placed  at  the  point  of  commence- 
ment of  the  undulations.  Resting  the  wood  or  stone 
against  this  finger,  it  is  moved  a  little  in  a  straight 
Hoe^  and  then  in  a  series  of  semi-circular  wave-lines,  from 
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right  to  left  or  left  to  right.  The  finger  is  advanced 
through  a  definite  distance  and  the  operation  repeated^  and 
so  on. 

A  very  good  watered  surface  can  be  produced  with  soft 
charcoal.  With  a  view  to  increasing  the  regularity  in  the 
marks,  a  rule  may  be  Uid  on  the  object,  against  which  the 
charcoal  is  brought. 

Parallel  watering  is  usually  done  mechanically,  but  any 
watchmaker  can  secure  regularity  by  the  following  simple 
device : — 

Fix  a  graduated  rule  t  g  across  the  cork  (fig.  8,  plate  IX.) 
and  two  pins  a  a,  to  foim  stops  for  preventing  the  stick  or 
stone  from  travelling  too  far.  A  division  of  the  rule  is 
made  to  correspond  with  the  hue  v  v  ;  and,  when  the  first 
line  has  been  traced,  advance  the  object  by  one,  two  or 
three  graduations  of  t  g^  according  to  the  interval  that  is  to 
be  left  between  successive  undulations.  Then  trace  the 
second  wave,  and  so  on. 

173.  Wavy  and  curvilinear  smoothing.— These  are 

of  two  kinds ;  some  are  entire  circles,  which  we  shall  proceed 
to  consider ;  others  radiate  in  curves  from  the  circumference 
to  some  other  point  of  a  circle  as,  for  example,  many  of 
those  that  are  met  with  on  keyless  ratchet  wheels.  The 
latter  will  be  discussed  farther  on,  when  discussing  the 
smoothing  of  steel  (178)>  for  the  process  is  identical  for 
both  steel  and  brass,  except  that  with  the  latter-named 
metal  and  nickel  the  stick  may  be  replaced  by  a  strip  of 
zinc  or  tin,  and  coarse  rouge  is  used. 

174.  Circular  snailing  or  spotting.— This  is  produced 
on  a  special  tool  by  which  several  motions  can  be  given 
to  the  object,  but  watchmakers,  as  a  rule,  so  seldom  have 
occasion  to  trace  this  class  of  ornament,  that  it  will  suffice 
to  explain  how  it  can  be  produced  by  the  appliances  that 
everyone  has  at  hand. 

The  universal  mandril  may  be  employed  for  the  purpose, 
but/ in  that  casCi  the  operation  is  a  very  slow  one,  whereas. 
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with  an  ordinary  pair  of  turns,  especiallj  if  driven  by  the 
foot^  it  can  be  done  both  rapidly  and  well. 

Adjust  a  rest  of  the  form  shown  at  s  (fig.  6,  plate  IX.) , 
taking  care  that  the  height  of  the  centre  is  sufficient ;  the 
small  rectaogular  bed  a  a  has  a  projecting  edge,  divided  by 
equidistant  graduations.  To  the  headstock  of  the  lathe  is 
attached,  at  h,  a  piece  of  bluestone  or  wood.  Having  set 
the  rest  at  a  convenient  height,  and  holding  the  object  to 
be  spotted,  p,  on  the  rest,  bring  it  in  contact  with  b  when  in 
rotation.  When  the  mark  is  made,  lean  the  object  finom  b, 
slide  it  along  a  a  so  that  its  edge  coincides  with  the  next 
division  and  make  another  mark,  and  so  on  until  an  entire 
row  is  completed.  Then  raise  or  lower  the  rest  and  repeat 
the  process  for  a  second  row,  and  so  on. 

Instead  of  applying  oil  to  the  acting  face  of  b,  which 
would  have  to  be  renewed  at  each  operation,  it  is  usual  to 
cover  the  object  p  with  oil,  if  b  is  a  stone,  or  with  oil  mixed 
with  the  substance  used  for  smoothing,  if  ^  is  of  wood.  If 
tius  precaution  is  taken,  the  work  will  progress  much  more 
lapi^y. 

Tdien  the  object  operated  upon  is  of  irregular  shape  it 
must  first  be  attached  to  a  rectangular  plate  and  then  pro- 
ceed as  already  stated. 

A  still  more  simple  method,  but  one  that  is,  in  certain 
cases,  quite  sufficient,  consists  in  passing  through  the  pop- 
pet-head a  centre  of  the  form/d  (h,  fig.  6),  which  is  caused 
to  rotate  by  the  fingers  or  any  other  means. 

To  make  spottings  that^  instead  of  being  parallel,  radiate 
firom  the  centre  to  the  circumference,  the  rest  a  a  must  carry 
a  disc  that  can  rotate  on  a  clamping  screw,  and  is  main- 
tained in  position  by  a  finger,  with  an  even  number  of 
equidistant  divisions  on  the  circumference  of  the  disc.  The 
object  to  be  operated  upon  is  then  fixed  to  the  disc,  and  a 
■tick  used,  the  diameter  of  which  is  equal  to  the  distance 
between  two  radii  that  pass  through  a  pair  of  graduations  on 
Uie  disc  ;  for  example,  the  small  circle  s  (fig.  4,  plate  IX.). 
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A  series  of  circular  spots  is  then  made  by  graduallj  rotating 
the  disc.  Now  replace  the  rod  s  bj  one  of  the  diameter  n ; 
advance  the  support  until  it  corresponds  with  the  position  n, 
and  make  the  second  range  of  circular  spots,  and  so  on. 
The  figure  renders  any  further  explanation  unnecessary. 

The  watchmaker  who  has  clearly  followed  what  precedes 
will  be  able,  should  occasion  require  it,  to  construct  a  special 
tool  acting  with  certainty  ;  but  it  will  be  well  to  remember 
that  there  is  a  great  advantage  in  driving  the  spotting  stick 
by  the  foot,  and  bringing  it  down  on  the  object  by  a 
small  hand  lever,  after  the  manner  of  the  drilling  machines 
used  in  factories.*    (See  article  3O60 

SMOOTHING  OF   STEEL. 

175.  The  smoothing  of  a  steel  object  is  commonly  done 
on  a  piece  of  cork,  with  a  large  iron  polisher  charged  with 
oilstone  dust  and  oil.  If  a  flat  surface,  it  can  be  finished 
with  a  copper  polisher  or  on  a  sheet  of  glass.  In  the  case  of 
staffs,  arbors,  &c,,  that  are  not  intended  to  be  polished  sub- 
sequently, a  certain  degree  of  brilliancy  is  given  to  the 
surface  by  rubbing  with  wood,  usually  pegwood,  or  with  a 
stick  covered  with  the  finest  emery  paper  and  oil. 

A  surface  that  will  not  be  subjected  to  friction — ^as,  for 
example,  the  head  of  a  screw — can  be  smoothed  rapidly  and 
well  with  a  dry  emery  buffstick  if  little  metal  has  to  be 
removed,  and  the  polishing  can  then  be  at  once  proceeded 
with.  Only  one  cleaning  is  in  this  case  necessary,  for  after 
the  emery  it  will  suffice  to  rub  with  pith  and  pass  a  brush 
over  the  surface. 

For  ordinary  work,  smoothing  a  staff  or  head  of  a  screw 
with  dry  fine  emery  and  finishing  by  the  friction  of  rather 
hard  pith  backwards  and  forv\rards,  will  give  a  fairly  satisfac- 
ory  surface. 

*  See   also  two   designs  in  the   Horological  Journal^  Vol.  XXI. 
1878—9),  pp.  21  and  62. 
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17C.  White  and  dead  smoothing.— To  prodoce  a  grain- 

ing,  the  piece  of  steel  most  be  pre\ioaBlT  smoothed  in  the 
ovdinaiy  waj,  perfectly  flat  and  free  from  scratches ;  the 
gnining  is  produced  bj  robbing  the  object  on  a  sheet  of 
ground  glass  with  the  finger,  taking  rery  small  circular 
etn^BB,  eqiedalty  towards  the  end  of  the  operation.  The 
degree  of  soooeas  depends  on  the  qoalitj  of  the  oilstone- 
dust  emi^jed.  It  most  be  yeiy  fine,  and  it  will  be  a 
pradent  precaution  to  decant  the  powder  in  water,  or 
prefenfalj  in  oil,  and  not  to  use  the  earlier  deposits  (168). 

When  the  oilstone  dost  is  not  very  good,  it  maj  be 
vadbed  in  hjdrochloric  add,  which  dissolves  most  of  the 
Imd  gxmins,  bat  it  will  require  to  be  thoroaghlj  washed 
in  water  afterwards,  on  aoooont  of  the  difficcltj  there  is  in 
ifmowing  the  last  traces  of  add.  Of  coarse  sndi  a  method 
is  onlf  to  be  lesoited  to  on  an  emergency. 

Feriiaps  the  most  difficult  piece  to  grain  is  a  kejleas  barrel 
ntelieit,  because  if  the  operati<m  is  at  all  jMx^onged  the  edge 
of  the  latdiet  may  beocHne  white  bef<»e  the  centre  and  it 
naj  eren  polislu  If  this  haj^ns,  the  ratchet  should  be 
lidd  in  the  hand  and  robbed  with  a  piece  of  pith  cut  to  a 
blunt  point  with  a  flat  end.  B  j  this  means  it  is  easy  to  act 
on  the  centre,  arading  the  edges. 

177.  Dead  white  or  firosted  snrfiMJe,— After  having 

grainffd  the  sted  in  the  manner  above  indicaoed,  if  it  is 
FBqpnrBd  to  obtain  a  dead  ^diite  frosted  sur£u3e,  em^or  a 
wnad  fixmed  of  Arkansas  stxme  dost,  or  the  sticky  deposit  on 
m  whrtrtnne  wiudi  is  more  readily  obtained.  It  should  not 
be  too  ydlow,  as  the  result  is  all  the  better  aonxding  as  a 
gicattt  number  <^  steel  parddes  are  mixed  with  the  oH  ;  at 
IcMt,  SO  we  are  infixmed  by  some  very  good  woikmien.  A 
fai^  piece  <tf  dder-pith  having  boot  divided  into  two  equal 
pasts  kngthwise,  is  smoodxd  with  a  new,  dean  £le ;  the 
imad  is  spread  uagoD.  it,  and  the  pieoe  of  SE^eel  is  mor-ad  over 
xt  widft  circular  stnkes  as  in  prododiig  the  graining.  In 
Ais  case  ike  movement  can  be  rapid.    If  the  <^@atM»  be 


h 


118  THE  WATCHUAKEB8'  HAVD-BOOK. 

well  done,  and  if  the  oilstone  dnst  nsed  be  of  good  qnaUty, 
the  object  will  after  being  cleaned^  present  a  beantifal 
nniform  white  snr&ce  in  which  the  graining  is  still  visible. 
Experience  and  knack  are  everything  in  the  proper  condnct 
of  snch  an  operation,  especially  in  its  concluding  stage. 

The  sor&ce  may  be  cleaned  in  pure  benzine  mixed  with 
a  little  solphnric  acid,  followed  by  a  very  dean  boffistick, 
which  will  impart  a  brilliancy  to  the  metal. 

M.  Bean  recommends  fine  Tnrkey  oilstone  powder  mixed 
with  turpentine  as  the  best  preparation  for  rapidly  producing 
a  dead  smooth  sur£Eice  on  steel-work. 

Workmen  that  are  constantly  engaged  in  graining  employ 
a  foot-wheel  for  the  purpose.  The  ground  glass  is  fixed  so 
that,  although  not  rotating,  a  small  circular  motion  is  com- 
municated to  it.  The  steel  is  then  simply  held  against  it ; 
indeed,  several  pieces  can  be  grained  in  this  manner  at  once. 

To  the  methods  above  described  we  would  add  the 
following,  which  is  successfully  practised  by  several  Englidi 
workmen : — 

They  lightly  fix  the  ratchet,  for  example^  by  its  edge,  and 
finish  the  smoothing  with  a  piece  of  pith  more  or  less 
charged  with  pure  charcoal  powder  and  fine  oilstone  dust. 
Here  also  knack  is  mainly  instrumental  in  ensuring  success. 

178.  Snailing. — To  produce  the  snailing  on  a  fusee  or  on 
keyless  wheel- work,  the  device  shown  in  fig.  18,  plate  YI., 
and  described  in  paragraph  376»  can  be  used.  The  ratchet 
or  fusee  is  mounted  between  one  pair  of  centres  and  driven 
by  a  cord  from  a  foot  or  hand-wheel.  The  copper  or  iron 
lap,  having  a  diameter  equal  to  about  three  times  that  of  the 
surface  to  be  snailed,  is  charged  with  fine  emery  powder  and 
oil,  or  oilstone  dust,  &c.,  and  set  in  contact  with  the  face  of 
the  steel,  which  thus  causes  it  also  to  rotate.  The  direction 
of  the  snailing  will  be  the  same,  whether  the  rotation  is  to 
the  right  or  left.  If  it  be  required  to  change  the  direction^ 
the  relative  positions  of  the  two  pieces  must  be  reversed. 

It  has  been  already  observed  that  brass  and  nickel  can  be 
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snailed  in  the  same  way,  employing  a  zinc  or  tin  lap  and 
coarse  rouge  (173).  In  some  cases^  hard  wood  laps  can  be 
used  for  these  softer  metals. 

In  keyless  steel  wheels  a  beautifol  snailing  can  be  obtained 
with  Arkansas  stone  mud  (or,  in  its  absence,  the  greasy  mass 
from  an  oilstone)  mixed  with  polishing  rouge. 

With  reference  to  the  little  tool  shown  in  fig.  18,  plate  VI., 
it  may  be  observed  that,  if  the  axes  of  both  the  steel  piece 
and  lap  were  driven  by  bows  or  otherwise,  the  sur&ce  would 
be  poUshed  and  not  snailed. 

In  the  absence  of  the  tool  here  referred  to,  any  workman 
can  easily  construct  one  for  the  purpose  which  will  adapt  to 
tiie  mandril  or  a  foot-lathe  :  in  order  to  help  him  in  doing 
so  we  will  describe  one  designed  by  M.  Gadot,  of  Paris. 

179.  Tool  for  snailing. — ^Thisis  shown  in  fig.  5,  plate  IX., 
and  we  would  at  the  outset  observe  that  it  can  be  used  equally 
well  for  polishing.  To  a  shoulder  at  the  extremity,  A,  of  a 
piece  of  steel  rod,  b  (which  takes  the  place  of  the  slide-rest 
cutter)  is  riveted  an  L-shaped  piece  c  (^  d,  and  to  the  point 
d  is  firmly  fixed  by  a  screw  or  rivet,  the  upright  piece  d  h 
parallel  to  ^  c  ;  this  piece  is  enlarged  at  A  so  as  to  give  a 
bearing  to  a  hardened  steel  screw,  with  a  hollow  point,  in 
the  axis  of  b  :  the  lap  is  supported  between  this  screw  and  a 
hole  in  the  centre  of  a.  The  figure  will  suffice  to  indicate 
the  form  of  this  lap  which  is  dished  internally  as  shown  by 
the  dotted  line.  It  is  made  of  iron  or  copper  if  intended 
for  use  with  hardened  steel. 

The  piece  to  be  snailed  is  fixed  to  a  chuck  of  the  foot-lathe 
(or  to  one  of  the  chucks  adapted  to  the  mandril  described 
in  par.  403)  and,  having  fixed  the  rod  b  in  place  of  the 
cutter,  the  lap  is  brought,  by  means  of  the  slide-rest  screws, 
in  contact  with  the  steel,  taking  care  hot  to  set  it  up  to  the 
centre,  as  snailing  that  starts  from  the  centre  is  not  so  good. 
Having  charged  the  lap  with  fine  emery  and  oil,  &c.,  the 
object  is  rotated  and  it  sets  the  lap  also  in  motion. 

It  was  mentioned  above  that  this  tool  can  be  employed 
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for  polishing  :  for  such  a  purpose  use  fine  rouge,  replace  the 
lap  by  one  of  bronze  or  bell-metal,  fix  a  ferrule  at  t,  and, 
while  the  object  turns  in  the  lathe,  rotate  the  lap  with  a 
bow. 

By  fixing  a  rod  at  l  instead  of  at  b,  the  tool  is  at  once 
adapted  to  be  used  in  an  ordinary  pair  of  turns,  as  it  can  be 
fixed  in  place  of  the  T-rest ;  but  it  is  not  so  easy  to  secure 
parallelism  of  the  two  surfaces. 

180.  To  restore  the  watered  surface  in  nickel  move- 
ments, &C. — ^Although  the  following  is  employed  for  nickel 
(or  rather  German  silver)  it  may  be  well  to  observe  that  it  is 
equally  applicable  to  all  other  metals. 

As  these  nickel  movements  are  not  gilt  subsequent  to 
being  repaired,  it  frequently  happens  that  the  water  marks 
on  the  surfaces  do  not  correspond.  By  the  aid  of  the 
following  device  watchmakers  can  correct  this  fault,  but  we 
must  warn  them  that,  as  in  aU  operations  involving  dexterity, 
they  must  first  make  experiments  in  order  to  acquire  the 
requisite  manual  skill. 

On  a  small  open  frame  c  c,  fig.  1,  plate  XIII.,  fix  several 
parallel  bars/  /,  e  d,  <&c.,  and  on  two  of  these  adjust  a  slide 
p  0  n  m,  with  two  strips  glued  underneath  so  that  it  can 
travel  up  and  down  between  a  and  h.  On^  (>  n  m,  fix  a 
guide  of  convenient  form,  as  G ;  and,  after  cementing  the 
piece,  say  a,  that  is  to  be  watered  on  a  board  resting  ob 
the  bench,  place  the  frame  c  c  above  it  and  trace  the  figure 
of  the  guide  with  a  pegwood  stick  charged  with  polishing 
materiaJ.  The  same  figure  can  be  reproduced  in  parallel 
rows  as  the  guide  can  be  moved  up  or  down. 

By  varying  the  shape  and  position  of  the  guides,  the 
water  lines  can  take  the  form  of  waves,  festoons,  circles 
or  ovals.  In  the  two  latter  cases  the  guide  has  apertures  of 
the  requisite  form,  and  the  board  that  carries  a,  not  being 
more  than  half  the  size  of  the  aperture,  can  be  moved  about 
by  hand  or  by  a  tool. 

If  preferred,  one  of  the  bars,  bb  e  d,  can  be  graduated 
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and  arrangements  can  be  made  for  clampiDg  the  slide  by 
screws  in  any  position. 

These  explanations  will  saffice  to  enable  any  intelligent 
watchmaker,  after  a  few  trials,  to  imitate  saccessfally  any  of 
the  beaatifdl  watered  siirfaoes  that  are,  on  a  manafacturing 
scale,  produced  by  machinery. 

As  r^;ards  the  material  to  be  used,  first  mix  medinm 
rooge  and  patty  powder  in  equal  proportions.  It  will  be 
possible  to  decide  from  the  shade  obtained  whether  more 
patty  powder  should  be  added,  because,  when  there  is  too 
mudi  rouge,  the  sur&ce  does  not  acquire  a  good  white 
colour. 

POLISHING. 

181.  To  polish  brass. — When  it  is  required  that  a 
sor&ce  be  maintained  perfectly  flat,  first  dress  with  some- 
what coarse  water  of  Ayr  or  blue  stone  and  then  go  over 
with  a  softer  stone.  Next  work  with  fine  rottenstoue  and 
oil  on  a  felt  or  buf&tick  for  objects  of  large  dimensions  and 
on  a  piece  of  pegwood  for  smaller  articles.  They  are  then 
soaped,  washed  and  dried  in  sawdust.    (151.) 

The  work  can  be  accomplished  more  rapidly,  but  without 
maintaining  a  perfectly  flat  surface,  by  fixst  employing 
pamioe-stone  and  oil  spread  over  a  large  piece  of  soft  wood 
or  felt.    It  is  then  cleaned  and  polished  with  rottenstoue. 

When  the  form  permits  of  it,  a  tin  disc  charged  with 
tripoli  and  rotating  in  a  lathe  can  be  employed. 

OhservaUoM. — Pumice-stone  is  powdered  fine  and  then 
sifted.  In  using  rottenstoue  a  piece  an  inch  or  two  cube 
is  crushed  between  the  fingers  into  a  cup  of  water,  and  this 
is  decanted  so  as  to  ^vq  several  degrees  of  fineness  (168). 
The  polishing  can  be  best  effected  by  using  old  wood  from 
which  the  sap  has  dried  up :  French  chalk  has  but  little 
action  if  the  polisher  with  which  it  is  applied  is  from  the 
animal  kingdom,  horn  for  example. 

182.  To  polish  watch-wheels,  &c.  —  Although  the 
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operation  of  polishing  is  extremely  simple,  it  is  very  im- 
portant that  a  certain  degree  of  mannal  skill  be  acquired  by 
practice,  as  otherwise  the  work  is  never  of  the  best. 

We  will  here  enumerate  several"  methods  of  procedure,  in 
order  that,  after  trial,  each  can  select  the  method  with  which 
he  finds  himself  most  successful. 

Smoothing. — ^The  smoothing  should  be  carefolly  done  with 
very  soft  water  of  Ayr  stone,  free  from  veins  and  hard  grains 
and  perfectly  flat.    The  wheel  must  then  be  well  cleaned. 

Polishing. — In  polishing,  rods  of  walnut  or  boxwood,  of 
tin,  bronze  or  zinc  are  used.  A  buffstick  and  burnisher  are 
also  employed. 

The  materials  applicable  are  rottenstone  (with  oil  or 
alcohol,  being  made  very  thin  in  the  latter  case),  tripoli, 
prepared  chalk,  polishing  rouge,  crocus,  <&c.  These  materials 
have  been  sufficiently  described  in  articles  165 — 7.  Work- 
men sometimes  prefer  to  make  mixtures  of  two  or  more 
substances,  but  it  is  more  usual  to  employ  them  separately. 

183.  First  method. — ^Afber  smoothing  and  cleaning  the 
wheel,  it  is  polished  while  resting  on  a  piece  of  cork,  where 
it  is  held  between  the  fingers  which  cause  it  to  rotate ;  the 
best  rottenstone  is  used  and  is  applied  by  smooth  pieces  of 
boxwood,  about  8  inches  long,  which  are  filed  to  a  bevel  edge. 
It  is  best  to  have  the  grain  of  the  wood  crosswise  and  the 
polishers  should  be  of  sufficient  thickness  to  prevent  their 
bending  when  in  use. 

The  rottenstone  can  be  replaced  by  tripoli  and  the  box- 
wood by  walnut.  Some  wheel  polishers  prefer  a  triangular 
stick  of  pure  tin  or  zinc  which  is  often  planed  to  ensure  perfect 
flatness ;  rouge,  rottenstone  or  tripoli  can  be  used  with  it. 

The  wheel,  after  being  well  washed  in  soap  and  hot  water, 
is  thoroughly  dried  and  finished  with  a  fine  buffstick  in  good 
condition,  while  it  rests  on  a  cork  covered  with  smooth  felt : 
this  operation  is  with  a  view  to  prepare  the  surface  prior  to 
using  the  burnisher. 

Some  polishers  instead  of  the  dry  buffstick  prefer  one 
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disrged  miii  a  little  ronge,  tripoli  or  rottenstone  moistenecL 
But  snch  preparatioiis  mnst  be  applied  very  sparingly  as 
they  involve  a  risk  of  ronnding  the  edges. 

The  bnmidier  is  next  rapidly  passed  over  the  snr&ce  of 
the  wheels  which  rests  on  cork  covered  with  a  linen  rag  or  on 
a  piece  of  wood  covered  with  smooth  paper.  Some  give  long 
backward  and  forward  strokes  with  the  tool ;  others  give 
semi-drcnlar  movements.  It  will  be  fonnd  sufficient  to  give 
short  strokes  from  half  an  inch  to  an  inch  in  length.  A  slight 
motion  of  the  wrist  is  all  that  is  required  and  after  a  few 
trials  the  necessary  skill  will  easily  be  attained.  Wecannot  say 
more.  Practice  mnst  also  be  relied  on  for  determining  the 
most  suitable  pressure. 

The  bnmishery  about  half  an  inch  wide  and  four  inches 
long,  is  carved  in  the  direction  of  its  length.  A  straight 
bnmiflher  might  be  used  but  it  is  less  safe :  the  angle  of  the 
bnmiflher  set  against  the  pinion  should  be  rounded  off. 

The  burnisher  is  cleaned  and  restored  by  drawing  across 
a  large  flat  piece  of  walnut  charged  with  rouge  of  very 
good  quality  and  perfectly  pure  (see  article  247)*  Afiber 
being  washed  a  little  white  wax  is  passed  over  it,  and  then 
it  is  again  rubbed  vigorously  with  a  piece  of  cloth  or  a  buff- 
stick  ;  finally  with  a  soft  linen  rag.  When  a  tendency  to 
stick  shows  itself  this  operation  must  be  repeated. 

184.  Second  process. — By  this  method  the  sarhceB  are 
flomewfaat  rounded  off  at  the  edges.  But  although  not  so 
pleasing  to  the  eye,  this  circumstance  involves  no  incon- 
venienoe  except  that,  when  burnishing,  the  burnisher  would 
not  at  once  come  in  contact  with  the  entire  surface ;  we 
need  not,  however  employ  the  burnisher. 

Laying  the  wheel  on  a  cork,  some  workmen  smooth  the 
wheel  by  covering  it  with  oil  and  fine  tripoli  and  rubbing 
with  a  walnut-wood  stick.  Others  spread  a  layer  of  such  a 
mixture  first  on  the  stick  and  then  rub  the  wheel.  When 
no  more  lines  are  observable  across  the  surface  of  the  wheel 
t  is  cleaned,  placed  on  afresh  cork  that  is  covered  with  a  soft 
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linen  rag,  and  polished  with  a  fresh  buffstiek  (or  one  that 
has  already  been  used  for  a  similar  purpose)  and  an  abundant 
supply  of  rouge  or  even  fine  rottenstone  and  oil  may  be  used. 
The  buffstiek  receives  a  semi-circular  movement  in  all  direc- 
tions in  order  not  to  needlessly  round  the  edges  of  the  teeth 
and  the  crossings. 

It  is  then  washed  in  warm  water,  bathed  in  alcohol  and 
dried  with  a  fine  linen  rag. 

185.  Third  process. — ^After  smoothing  with  a  very  soft 
stone,  rub  it  with  a  piece  of  the  root  of  boxwood  cut  across 
the  fibre  on  which  is  a  layer  of  the  following  composition : — 

Two-thirds  rottenstone  mixed  with  one-third  Castile  soap^ 
worked  into  a  paste  with  a  few  drops  of  water  so  that, 
although  not  a  liquid,  it  can  be  spread  out  at  will. 

Make  the  wheel  move  backwards  and  forwards  between 
the  fingers  while  resting  on  a  smooth  good  cork  without  a 
linen  rag,  and,  as  the  operation  nears  its  completion,  a  semi- 
circular motion  should  be  given  to  the  wood. 

Wash  with  soap,  boil  in  alcohol  and  dry. 

The  wheel  can  be  burnished  on  a  cork  without  any  linen 
rag  and  the  (curved)  burnisher  should  be  moved  with  short 
circular  strokes  from  the  centre  towards  the  circumference, 
gradually  working  up  towards  the  extremity  of  the  burnisher  : 
the  same  portion  of  the  burnisher  should  not  pass  twice  over 
the  wheel  (see  also  article  166). 

For  common  work,  fairly  satisfactory  results  may  be 
obtained  by  using  French  chalk  and  a  piece  of  hard  wood. 

Clock  wheels  are  polished  with  a  piece  of  felt  and  rotten- 
stone. They  are  subsequently  soaped,  washed  and  dried  in 
sawdust  (151). 

186.    To  polish  lever  escape-wheel  teeth.  — The 

Lancashire  escape-wheel  makers  employ  a  triangular  frame 
carrying  at  its  comers,  (1)  a  cutter  to  slit  the  teeth,  (2)  a 
cutter  to  shape  them,  and  (8)  a  revolving  piece  of  hard 
leather  of  a  section  corresponding  to  the  form  of  the  space; 
This  latter  is  charged  with  the  finest  glossing  stuff  used  dry. 
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and  the  sides  of  the  teeth  of  six  wheels  at  a  time  are  polished 
by  revolving  this  disc  in  each  of  the  spaces  in  tnni.  It  is 
hardly  necessary  to  observe  that  the  operation  is  completed 
before  the  wheels  are  removed  from  the  cutting  engine. 

187.  To  polish  sinks  or  oil-cups.— A  piece  of  peg- 
wood  ronnded  at  the  end  is  nsed  for  this  purpose,  rotating  it 
with  the  bow  or  in  a  lathe :  the  watch  plate  or  cock  should 
be  inclined  in  varying  directions  to  the  stick  in  order  to 

remove  scratches.  If  a  very  high  polish  is  required  it  may 
be  given  by  following  with  a  stick  the  end  of  which  is  covered 
with  wash-leather  charged  with  rouge. 

TO   POLISH   STEEU 

188.  The  polishing  must  always  ]ye  preceded  by  a  very 
thorough  smoothing,  either  with  oilstone  dust,  fine  emery, 
or  coarse  rouge.  If  any  lines  are  left  to  be  erased  by  means 
of  fine  rouge,  the  operation  becomes  tedious  and  is  rarely 
saccessfhl.  The  oilstone  dust  is  applied  on  an  iron  or 
copper  polisher.  When  it  is  desired  to  preserve  the  angles 
sharp,  at  a  shoulder  for  example,  the  polisher  should  be  of 
£teel. 

When  using  diamantine  an  iron  polisher,  drawn  out  and 
flattened  with  a  hammer,  answers  very  well. 

With  fine  rouge,  a  bronze  or  bell-metal  polisher  is  pre- 
ferable for  shoulders ;  and,  for  flat  surfaces,  discs  or  large 
zinc  or  tin  polishers,  although  glass  is  preferable  to  either  of 
these. 

After  each  operation  with  oilstone  dust,  coarse  rouge,  <&c., 
the  polisher,  cork,  &c.,  must  be  changed,  and  the  object 
should  be  well  cleaned — ^preferably  by  soaping ;  perfect 
cleanliness  is  essential  to  success. 

Fine  rouge  or  diamantine  should  be  made  into  a  thick 
paste  with  oil;  a  little  is  then  taken  on  the  polisher  or  glass 
and  worked  until  quite  dry.  As  the  object  is  thus  not 
ipneared  over,  a  black  polish  is  more  readily  obtained,  and 
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the  process  gets  on  better  if  the  surface  is  cleaned  from  time 
to  time. 

189.  To  get  a  good  black  polish.— As  just  pointed  out, 
this  is  mainly  secured  by  using  very  little  polishing  material 
at  once,  in  a  very  little  liquid  on  either  the  polisher  or 
glass  plate  and  drying  up  quickly.  If  the  surface  does  not 
prove  satisfactory  at  first,  it  will  often  be  found  that  a  final 
rapid  and  light  application  of  dry  diamantine  or  rouge  on  a 
piece  of  glass  or  pith  will  produce  a  brilliant  black  polish. 

If  operating  on  an  axis  or  staff,  polish  as  well  as  pos- 
sible, first  erasing  the  marks  of  the  graver  or  file  and  then, 
holding  the  ferrule  between  the  fingers,  rotate  it  with  one 
hand  and  with  the  other  rub  the  axis  lengthwise  with  a 
pegwood  stick  charged  with  rouge  or  diamantine. 

A  rod  will  show  a  black  polish  if  it  be  rubbed  lengthwise 
with  emery  paper  of  gradually  increasing  fineness,  oil  being 
applied  with  the  finest  quality. 

T0  polish  flat  surfaces. — ^The  swing-tools,  &c,  described 
in  pars.  378 — 381,  are  employed  for  this  purpose.  In 
their  absence,  place  the  object  on  a  sound  piece  of  cork 
covered  with  a  clean  rag  and  rub  with  a  long  strip  of  ground 
glass. 

To  polish  a  square  shoulder. — ^This  may  be  done  with  one 
of  the  tools  described  in  pars.  374 — 6 ;  or,  in  their  absence, 
the  workman  may  proceed  as  follows  : — 

Fix  a  rod  in  place  of  the  T'^est  of  the  turns,  and  set  it 
in  such  a  position  that  the  polisher  rests  on  this  vertical  rod 
when  lying  flat  against  the  shoulder.  Another  and  better 
method  consists  in  cementing  or  otherwise  fixing  in  the 
plane  of  the  shoulder  a  brass  disc  of  such  dimensions  that 
the  polisher  is  constrained  to  remain  flat. 

To  polish  a  hollow,  or  the  rounded  comers  of  teeth. — See 
the  methods  described  in  articles  578 — 80* 

To  polish  pinions. — A  tool  for  doing  this  expeditiously  is 
described  in  articles  612 — 4. 

Observations. — ^The  corner  of  the  polisher  that  is  used  for. 
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polishing  a  shoulder  should  be  neither  right-angled  nor  too 
acute.  In  the  first  case  it  would  round  off  the  shoulder,  and 
in  the  second  it  would  soon  become  distorted  and.  leave  dull 
radial  marks  on  the  sorfsLce. 

Diamantine  should  not  be  used  for  polishing  the  acting 
sar£EK»s  of  pivots,  the  pallets  of  escapements,  &c.,  since  this 
material  as  well  as  emery  is  liable  to  leave  particles  embedded 
in  the  steel  which  occasion  rapid  wear. 

CEMENT,  WAX,   RESIN,  &c. 

190.  The  principal  uses  to  which  the  watchmaker  applies 
cements  is  for  fixing  objects  in  the  lathe,  pallet-stones  in  posi- 
tion, as  well  as  locking  and  unlocking  pallets,  ruby-pins,  <&c. 

The  selection  of  a  cement  or  wax  is  not  a  matter  of  in- 
difference ;  fine  sealing-wax  causes  objects  to  adhere  firmly 
together,  but  many  of  the  best  workmen  prefer  refined  shellac. 
Certain  kinds  of  wax  are  too  dry,  the  consequence  being 
that  a  false  stroke  of  the  graver  will  ofben  detach  the  piece  ; 
others  are  thick  and  soft,  and  are  apt  to  heat  rapidly  under 
the  action  of  the  burnisher  or  polisher,  so  that  the  object 
is  displaced.  It  is  only  by  making  a  series  of  trials  that 
the  eflBcacy  of  the  material  can  be  ascertained.  Some 
workers  cldm  that  a  mixture  of  sealing-wax  and  shellac  gives 
good  results.    (See  also  article  671.) 

191.  Mode  of  applying  cements.— When  employing 

wax,  resin,  cement,  &c.,  for  uniting  two  objects,  it  is  im- 
portant to  note  that  the  mode  in  which  it  is  applied  has  an 
important  influence  on  its  efficiency.  The  following  obser- 
yations  on  this  point  are  due  to  M.  Sibon,  and  the  reader 
will  be  able  to  select  those  portions  that  have  reference  to 
his  work. 

When  two  objects  are  united  by  a  cement,  this  will  lose 
much  of  its  value  if  unskilfully  applied,  and,  in  order  to  use 
it  to  the  best  advantage,  the  following  practical  rules  should 
be  observed : — 
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1.  The  surfaces  to  be  united  must  be  quite  clean. 

2.  The  less  cement,  wax,  &c.,  that  is  interposed  between 
them,  the  better  will  they  adhere.  This  is  owing  to  the  fact 
that  with  a  thick  layer  the  object  has,  at  the  junction,  no 
more  rigidity  than  that  of  the  cement  itself;  as  a  rule 
this  is  more  fragile  than  the  material  it  is  employed  to 
unite. 

3.  There  should  be  perfect  contact  between  the  cement 
and  the  surfaces.  With  a  view  to  securing  this,  the  object 
must  be  first  heated  to  a  point  such  that  the  wax  or  cement 
cannot  solidify  without  having  first  had  time  to  eflFect  a 
perfect  union. 

This  remark  is  especially  applicable  when  using  sealing- 
wax,  mixtures  of  resin,  shellac,  and  similar  materials.  They 
will  not  adhere  firmly  unless  the  surfaces  have  been  heated 
very  nearly  to  the  point  of  fusion  of  the  cement.  The 
sealing  of  letters  offers  an  example  in  proof  of  this  assertion. 
When  the  seal  has  been  used  several  times  in  succession  or 
has  been  left  too  long  on  the  wax  so  as  to  become  hot,  it  will 
adhere  and  cause  some  inconvenience  if  further  employed. 

With  hot  melted  glue  adhesion  is  best  secured  by  friction 
or  a  moderate  pressure. 

Sealing-wax  is  excellent  for  uniting  metal  to  glass  or  stone, 
providing  they  are  sufficiently  heated  to  melt  it ;  for,  if 
applied  to  cold  surfaces,  it  will  not  adhere  at  all.  By  heating 
two  pieces  of  glass  or  stoneware  sufficiently  to  melt  shellac^ 
a  small  quantity  will  suffice  to  make  them  adhere  firmly 
together ;  notwithstanding  that  every  one  has  seen  such  joints, 
very  few  succeed  in  making  them,  from  the  simple  reason 
that  they  do  not  recognize  the  necessity  of  heating  a  delicate 
piece  of  glass  or  china  to  the  point  which  is  essential  for 
securing  a  good  result. 

In  conclusion,  the  principal  obstacles  to  adhesion  are  air 
and  dirt.  The  first  is  always  present ;  the  second  is  due  to 
accident  or  carelessness.  All  surfaces  are  covered  with  a 
thin  layer  of  air  that  is  very  difficult  to  remove ;  its  influence 
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prevents  highly  polished  metal  from  being  moistened  when 
immersed  in  water.  So  long  as  this  layer  of  air  is  not  dis- 
placedy  the  cement  cannot  adhere  to  the  surface  to  which  it 
is  applied,  because  it  cannot  come  into  direct  contact.  The 
most  effective  agent  for  displacing  this  air  is  heat.  Metals 
heated  to  at-out  75°  C.  (170°  F.)  are  immediately  moistened 
on  being  plunged  into  water,  hence  it  follows  that,  as  regards 
cements  that  are  applied  in  a  fused  state,  heat  is  the  best 
means  of  bringing  them  into  intimate  contact  with  the 
surface. 

We  would  add  that,  in  addition  to  possessing  this  ad- 
vantage, the  application  of  heat  also  renders  the  surfaces 
more  penetrable  to  the  layer  of  cement,  after  the  manner  of 
soldering,  and  makes  the  interlocking  of  the  molecules  more 
perfect ;  this  explains  the  greater  degree  of  tenacity  of  a 
well-made  joint  with  only  a  thin  layer  of  cement. 

192.  To  set  in  wax  in  the  lathe.— Trace  a  series  of 
concentric  circles  on  the  face  of  the  chuck  with  a  graver 
point,  after  turning  it  true  ;  this  will  increase  the  adhesion 
of  the  cement.  Then  the  flame  of  the  spirit-lamp  is  held 
under  the  rotating  chuck  and,  when  this  is  hot  enough,  its 
sor&ce  is  covered  with  a  layer  of  shellac  or  sealing-wax,  and 
the  object  is  held  against  it.  Holding  it  in  position  with  a 
piece  of  pegwood  supported  on  the  T'^^st,  the  lamp  is  re- 
moved and  the  lathe  kept  rotating  until  the  cement  sets. 
The  cooling  can  be  hastened  by  applying  a  small  moist 
sponge,  but  it  should  not  set  too  suddenly. 

If  the  object  requires  to  be  very  exactly  centred,  its 
position  must  be  ensured  while  the  cement  is  still  soft  by 
means  of  a  long  pegwood  stick  in  its  central  hole  (405—8), 
This  stick  is  held  in  position  until  the  cement  sets,  steadying 
it  between  two  fingers  close  up  to  the  chuck.  The  slightest 
excentricity  will  be  indicated  by  a  motion  of  the  free  end  of 
the  stick. 

If  the  object  is  round,  and  has  no  central  hole,  it  must  be 
centred  by  its  circumference,  holding  the  pegwood  in  front. 
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or  resting  against  a  comer  of  a  circnlar  elevation  or  depression, 
as,  for  example,  the  collet  of  a  wheel,  or  of  a  cylinder  riveted 
to  its  balance,  &c. 

The  beginner  should  make  a  number  of  trials ;  they  will 
enable  him  both  to  acquire  lightness  of  touch,  and  to  recog- 
nize the  proper  degree  of  softness  of  the  cement  for 
centring,  as  well  as  its  tenacity. 

When  it  is  essential  that  the  two  faces  of  the  object  be  strictly 
parallel,  a  precaution  is  necessary  ;  this  consists  in  leaving 
on  the  face  of  the  chuck  a  slightly  projecting  circular  rim 
with  a  fine  smooth  edge,  and  of  a  diameter  rather  less  than 
that  of  the  object.  By  moving  this  latter  backwards  and 
forwards  after  applying  it  to  the  wax,  and  pressing  it  into 
close  contact  while  cooling,  the  requisite  parallelism  will  be 
secured. 

193.  To  fix  a  pallet-stone,  ftc,  in  position.— To  fix 

a  pallet-stone  or  an  end-stone  by  means  of  shellac  it  is 
usual  to  place  small  pieces  of  the  latter  round  the  stone 
when  in  position  and  apply  heat.  But  very  often  the  lao 
spreads  unevenly  or  swells  up  ;  and  this,  in  addition  to 
being  unsightly,  is  apt  to  displace  the  stone.  The  incon- 
venience can  be  avoided  as  follows  : — The  pallets  are  held  in 
long  sliding  tongs  and,  taking  a  piece  of  shellac,  heat  it 
and  roll  it  into  a  cylinder  between  the  fingers  ;  again  heat 
the  extremity  and  draw  it  out  into  a  fine  thread.  This 
thread  will  break  off,  leaving  a  point  at  the  end  of  the  lac. 
Now  heat  the  tongs  at  a  little  distance  from  the  pallets, 
testing  the  degree  of  heat  by  touching  the  tongs  with  the 
shellac.  When  it  melts  easily,  lightly  touch  the  two  sides 
of  the  notch  with  it ;  a  very  thin  layer  can  thus  be  spread 
over  them,  and  the  pallet-stone  can  then  be  placed  in 
position  and  held  until  cold  enough.  The  tongs  will  not 
lose  the  heat  suddenly,  so  that  the  stone  can  easily  be  raised 
or  lowered  as  required.  The  projecting  particles  of  cement 
can  be  removed  by  a  brass  wire  filed  to  an  angle  and 
forming  a  scraper.    (See  article  640.) 
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To  fix  an  end-stone,  the  cap  must  Ix?  held  by  itfl  ed^o  in 
the  sliding  tongs,  and  shellac  carefully  applied  roinid  the 
edge  of  the  hollow.  It  is  advisable  to  hold  the  cap  iti  u 
small  tool  formed  of  two  parallel  blades,  as  when  reversed  so 
as  to  press  the  stone  on  a  fiat  surface,  the  shelhic  will  spread 
over  the  end-stone,  from  which  it  will  1x3  removed  with 
difficnlty. 

For  monnting  diamond  drills,  &c.,  see  article  216. 

ENAMEL. 

194L  This  name  is  applied  to  an  opaque  glass  witli  which 
varioiu  metallic  compounds,  such  as  oxide  of  tin,  phosphate 
of  lime,  borax,  &c.,  have  been  incorporated  by  fusion.  The 
oolonr,  of  conrse,  varies  with  the  substance  m  added. 

WiDis  (article  670)  recommends  the  following  as  a  g^Kxl 
white  enamel  for  dials:  silver  sand,  14  [larts;  Wax,  10 
parts;  red  lead,  18  parts;  nitre,  2  parts;  oxide  of  tin, 
12  parts ;  flint  glass,  4  parts  ;  and  binoxide  of  inanganf^se 
l-50tfa  part.  But  a  good  deal  of  care  is  re^juisite,  lK>th 
in  fleketing  the  materials  and  in  pref^aring  the  enamel,  in 
order  to  ensure  a  pore  colour  of  any  desired  shade ;  it  is,  there- 
fbrey  often  desirable  to  purchase  the  enamel  ready  jjrei>ared. 

In  apfdying  enamel,  regard  must  l>e  had  to  the  relative 
dilatfltion  of  the  metal  to  which  it  is  applied,  the  two  l>eing 
wo  oamUned  as  to  expand  and  contract  together ;  otherwise 
there  is  danger  of  the  enamel  cracking,  either  at  on^x;  t/r 
Atoartij  after  it  has  set. 

Enamel  may  be  applied  to  gold  or  c^^pper.  AHf¥x^iiiUid 
iridi  die  latter,  it  forms  the  ordinary  dials  of  watches  and 
tiiDiepieoes,  and,  with  the  former,  it  nervaa  for  making 
eDameUed  gold  dials  or  cases.  The  gold  should  l>e  of  22 
earaty  tb^  2  ^sazkM  of  alloy  consisting  of  e^jual  parts  of  silver 
sxkd  copper.  If  the  gold  is  of  a  higher  standard,  it  will  not 
adhere  »  well,  and,  if  lower,  there  will  be  a  farther  danger 
of  wtd^ng  tbe  metal  before  the  enamel  is  fused. 
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Silver  is  apt  to  cockle  on  the  application  of  beat,  and 
enamel  applied  to  it  presents  a  bubbly  appearance. 

A  full  description  cf  the  method  adopted  in  making 
enamel  dials  will  be  found  in  articles  670. 

195.  Application  of  enamel  in  the  cold.— We  are 

indebted  for  the  following  particulars  to  M.  Foumier,  rf 
Dieppe,  a  well-known  enamel  maker: — 

There  are  two  kinds  of  false  enamel  for  application,  when  . 
cold,  to  damaged  dials. 

The  first,  a  mixture  of  white  resin  and  white  lead,  melts 
like  sealing-wax,  which  it  closely  resembles.  It  is  advisable, 
when  about  to  apply  it,  to  gently  heat  the  dial  and  the 
blade  of  a  knife,  and.  with  this,  to  cut  a  piece  of  enamel  of 
the  requisite  size  and  lay  it  on  the  dial.  The  new  enamel 
must  project  somewhat  above  the  old.  When  cold,  the 
surface  is  levelled  by  scraping,  and  a  shining  surface  is  at 
once  produced  by  holding  at  a  little  distance  from  the 
flame  of  a  spirit  lamp.  It  is  necessary  to  be  very  carefdl  in 
conducting  this  operation,  as  the  least  excess  of  heat  will 
bum  the  enamel  and  turn  it  yellow ;  it  is,  however,  pre- 
ferable to  the  following,  although  more  difficult  to  apply,  a* 
it  is  harder  and  does  not  become  dirty  so  soon. 

The  second  false  enamel  contains  white  lead  mixed  with 
melted  white  wax.  It  is  applied  like  a  cement,  neatly  fiDiDp 
up  the  space,  and  afterwards  rubbing  with  tissue  paper  to 
produce  a  shining  surface  ;  if  rubbed  with  a  knife  blade  or 
other  steel  implement  its  surface  will  be  discoloured. 


PRECIOUS    STONES. 

196.  The  principal  precious  stones  used  in  watches, 
chronometers  and  regulator  clocks,  in  their  order  of  hardness 
are :  diamond,  ruby,  sapphire,  chrysoHte. 

A  watchmaker,  although  he  may  not  have  had  any  pre- 
vious experience  of  jewels,  can  easily  ascertain  their  relative 
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vardness  by  rubbiog  one  against  the  other.  The  softer  will 
^0  scratched  by  those  that  are  harder,  and  the  stones  that 
can  be  marked  by  a  file  may  be  thrown  aside  as  useless 
(122). 

197.  Diamond. — We  shall  make  a  very  brief  reference 
feo  this  stone,  as  it  is  not  used  except  for  the  end-stones  for 
balances  of  chronometers  and  high-class  watches. 

Splinters  of  diamond  are  employed  for  drilling  materials 
of  a  less  degree  of  hardness,  and  fragments  fixed  at  the  end 
of  a  rod  are  used  for  turning  very  hard  steel ;  diamond 
dust  is  the  principal  material  used  for  working  precious 
stones,  polishing,  &c.  (see  articles  165  and  169). 

198.  Kuby. — This  jewel,  of  a  rich  velvetty  red  colour, 
sxists  in  three  principal  varieties :  oriental,  spinel  and 
>alas  rubies,  which  diflPer  as  regards  their  chemical 
composition. 

Erom  a  jeweller's  point  of  View,  the  value  of  a  ruby  is 
mhanced  by  its  rich  colour  and  transparency  ;  but  this  is 
lot  the  case  in  regard  to  its  applications  in  horology,  for 
fhich  hardness  and  capabiUty  of  taking  a  high  polish  are 
nainly  necessary. 

The  specific  gravity  of  the  three  varieties  are,  oriental, 
i'-2  ;  spinel,  3*7  ;  balas,  3-6. 

The  first  of  these  is  the  best,  since  it  is  the  hardest,  both 
taking  a  better  polish  in  the  first  instance  and  retaining  it 
for  a  longer  period. 

In  comparison  with  the  other  varieties  its  specific  gravity 
is  greater  and  it  possesses  a  brighter  colour,  but  will  often 
be  found  to  be  less  transparent. 

Spinel  and  balas  rubies  are  frequently  met  with  that  are 
very  beautiful  to  the  eye,  but  their  hardness  is  inferior  to 
that  of  the  sapphire  and  even  of  the  chrysolite.  They 
mast  be  carefully  excluded  from  all  good  work,  for,  either  in 
consequence  of  the  inferior  hardness  or  of  the  mode  in  which 
the  oxide  of  iron,  magnesia,  &c.,  is  combined,  or  of  other 
causes,  oil  rapidly  deteriorates  in  contact  with  them,  and 
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the  moving  parts,  especially  if  they  are  of  steel,  soon 
show  signs  of  wear.  The  rubies  themselves  also  suffer,  and 
it  is  by  no  means  uncommon,  especially  in  the  case  of  the 
duplex  escapement,  to  meet  with  such  jewels  quite  rough 
and  even  pitted  on  their  acting  surfaces. 

199.  False  ruby, — In  a  certain  class  of  watches,  a 
variety  of  stones  pass  for  rubies  that  are  known  to  jewellers 
as  rubicelle,  rubace,  rock  ruby,  Brazil,  Siberian  or  Bohemian 
ruby,  rose  ruby,  &c.,  &c.,  the  hardness  of  which  is  even  less 
than  that  of  rock  crystal.  Pivot-holes  made  of  these  imita- 
tions of  the  real  ruby  are  worth  less  than  plain  brass 
settings. 

200.  Sapphire. — The  colour  of  this  stone,  sometimes 
even  milky,  passes  through  all  the  shades  of  blue.  Like  the 
ruby,  there  are  several  varieties  that  differ  appreciably  in 
regard  to  hardness.  The  hardness  of  oriental  sapphire  is 
equal  to  that  of  oriental  ruby ;  both  consist  of  nearly  pure 
alumina,  coloured  by  a  Uttle  oxide  of  iron  ;  their  chemical 
composition  thus  being  the  same,  they  only  differ  in  regard 
to  colour.  It  is,  then,  a  great  mistake  on  the  part  of 
watchmakers  to  prefer  spinel  or  balas  rubies  in  place  of 
oriental  sapphires. 

The  sapphire  is  more  brittle  than  the  ruby. 

The  other  kinds  of  sapphire,  such  as  water  sapphires,  are 
not  true  sapphires  ;  they  are  soft  and  should  never  be  used 
in  horology.  The  density  of  the  oriental  sapphire  is  about 
4*01,  whereas  that  of  other  kinds  is  only  2*58. 

201.  Chrysolite. — Under  this  name  lapidaries  inolude 
a  variety  of  stones  of  yellow-green,  apple-green  with  shades 
of  yellow,  and  other  colours. 

That  known  as  oriental  chrysolite,  which  is  the  same  as  the 
oriental  topaz,  has  a  beautiful  pale  yellow  colour  with  shades 
of  apple-green  ;  it  is  the  most  highly  esteemed.  This  stone 
has  a  sufficiently  high  degree  of  hardness  for  use  in  watch- 
making, as  it  will  scratch  rock  crystal.  Its  density  varies 
from  3-73  to  3-00. 
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The  other  varieties,  ordinary  chrysolites,  come  very  low  in 
the  scale  of  hardness.  They  can  be  scratched  by  qnartz, 
rock  crystal  and  even  by  the  file,  and  are  thns  of  no  use  for 
watches. 

202.  Agate,  CarDelian,  Topaz. — Only  the  varieties  of 

the  stones  abeady  considered  that  are  termed  oriental  can 
be  used  for  the  pivot-holes  or  the  pallets  of  astronomical 
regnlators,  but  for  the  escapements  of  the  ordinary  time- 
pieces of  commerce,  such,  for  example,  as  the  pallets  of 
Brocot  escapements  (see  Treatise,  page  554),  the  topaz, 
agate  or  camelian  may  be  used.  When  of  the  hardest  kind, 
and  capable  of  receiving  a  high  polish,  they  will  very 
efficiently  resist  the  friction  of  brass  teeth.  As  to  the 
softer  khids,  they  are  inferior  to  hardened  polished  steel  for 
pallets. 

WORKING    IN    PRECIOUS    STONES. 

203.  The  methods  adopted  for  working  in  the  precious 
stones  are  in  great  part  kept  secret  by  those  who  practise 
them ;  it  is,  however,  weU  known  to  watchmakers  that 
jewels  are  usually  worked  and  polished  with  powdered 
diamond,  and  the  following  details  wiU  afford  all  the 
information  necessary  to  enable  the  reader  to  make  a  jewel 
of  any  required  form.  Where  not  otherwise  stated  the 
information  is  taken  from  a  work  published  by  N. 
Dumontier.* 

204.  Tools  for  working  jewels. — ^These  are  all  of 
simple  construction,  and  can  be  made  by  any  watchmaker 
i^  indeed,  he  has  not  them  already  to  hand. 

(1.)  A  small  lathe  arranged  to  receive  chucks,  fixed  to 
tlie  bench  or  in  a  vice,  and  driven  by  a  foot-wheel.  Its 
form  resembles  that  shown  in  fig.  5,  plate  II. 

(2.)  Two  circular  laps  of  copper  and  one  of  tin  about 

•  Vart  de  travaiUer  leg  Pierres  preeietues  a  V  usage  de  VHorlogerie  et 
4e  rOptique.    Tans.     1843. 
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2  inches  in  diameter  and  Jth  inch  thick ;  these  present  a 
flat  face  for  grinding,  smoothing  and  polishing  the  stones, 
and  are  adapted  to  the  nose  of  the  lathe. 

(3.)  A  small  barrel  (that  also  screws  into  the  nose  of  the 
lathe)  with  six  brass  covers  perforated  at  the  centre,  on 
which  to  cement  the  jewel-holes,  when  enlarging,  smoothing 
and  polishing  their  holes. 

(4.)  A  flat  steel  circular  cutter  half  an  inch  in  diameter, 
for  slitting  stones.  Also  two  similar  discs,  one  of  copper 
and  the  other  of  tin,  of  the  same  size,  and  having  sharp 
edges,  are  occasionally  useful. 

(5.)  Two  small  laps,  one  of  copper  and  one  of  tin,  to 
smooth  and  polish  cyhndrical  stones.  These  laps  are 
mounted  in  place  of  the  T-rest,  or  in  the  slide-rest,  in  such 
a  manner  that  they  can  be  rotated  in  a  horizontal  plane  by 
a  bow  in  a  manner  that  is  suflSciently  indicated  by  fig.  9, 
plate  VIII.  Carticle  624).  See  also  the  arrangement  described 
in  article  17?. 

(6.)  Two  chucks  adapted  to  the  lathe,  on  which  to 
cement  the  jewels  for  drilling,  turning  and  polishing. 

(7.)  A  number  of  small  broaches,  spindles  with  concave 
and  convex  ends,  &c.,  for  smoothing  and  polishing  jewel- 
holes,  convex  and  concave  surfaces. 

There  may  also  be  added  a  small  steel  plug  mortar  for 
powdering  the  diamond  (169),  and  a  flat  steel  plate  with  a 
block  for  working  up  the  powder. 

205.  Selection  of  Stones, — This  is  of  the  first  import- 
ance. By  the  aid  of  a  powerful  lens  or  a  microscope  ascertain 
that  they  contain  no  cracks,  air  cavities  or  black  specks ; 
avoid  stones  that  are  milky,  preferring  such  as  are  marbled, 
and  in  which  the  directions  of  crystallization  seem  to  cross 
one  another,  as  they  are  the  hardest.  The  hardness  may  be 
tested  by  trying  them  one  against  the  other  (122),  but  an 
experienced  workman  needs  only  to  note  the  amount  of 
resistance  it  offers  to  the  operation  of  cutting  on  the  lap. 
The  density  also  affords  a  valuable  means  of  determining 
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the  nature  of  stones.  (See  above  notes  on  the  several 
kinds.) 

206.  To  find  the  axis  of  crystallization  of  a  stone. 

— It  is  well  known  that  jewels  differ  from  glass  in  that 
they  form  crystals  of  certain  definite  forms  ;  they  are  there- 
fore termed  "crystalline,"  whereas  glass  is  "vitreous."  If 
a  jewel-hole  is  drilled  in  any  direction  other  than  the  axis 
round  which  the  crystal  may  be  assumed  to  have  been 
formed  there  will  be  difficulty  experienced  in  the  drilling 
and  polishing ;  the  edges  of  the  hole  will  become  rough 
during  the  act  of  rounding  them  ofP,  and  the  hardness  will 
appear  to  be  irregular.  This  point  seems,  however,  to  be 
ignored  by  the  majority  of  jewel-hole  makers,  although  the 
determination  of  the  most  suitable  direction  presents  no 
difficulty. 

Obtain,  from  any  optician,  two  tourmaline  plates  cut 
parallel  to  their  axes  of  crystallization  and  with  their  faces 
polished.  Mount  them  in  a  light  frame  parallel  to  each 
other  so  that  each  can  rotate  independently  of  the  other 
round  the  axis  through  their  centres  ;  it  is  convenient  if  a 
light  spring  tends  to  bring  the  plates  together  so  that  a 
stone  can  be  held  when  placed  between  them.  Or  such  an 
arrangement  can  be  bought  ready  made  at  most  opticians  : 
it  is  faiown  as  a  tourmaline  polariscope.  If  this  instrument 
be  held  up  between  the  eye  and  a  light,  and  one  plate  be 
rotated  while  the  other  remains  stationary,  it  will  be  seen 
that  the  light  becomes  gradually  greater  or  less  according  to 
the  direction  of  rotation  ;  and  further,  if  the  plates  be  good 
ones,  a  point  will  exist  at  which  there  is  nearly  total 
darkness. 

To  examine  a  stone,  cut  and  polish  on  it  two  parallel 
faces  approximately  at  right  angles  to  the  axis  of  crystalliza- 
tion ;  this  can  generally  be  ronghly  guessed  at  by  inspection. 
Place  it  between  the  plates  (when  set  at  their  darkest  posi- 
tion), and  not  only  will  the  light  be  in  part  restored  but 
beautiful  coloured  rings  will  be  formed.  If  they  are  circular 
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the  faces  of  the  stone  are  at  right  angles  to  its  axis ;  if  not^ 
incline  it  till  the  rings  become  so,  and  the  axis  will  then 
coincide  with  that  of  the  instrument.  In  case  the  rings  are 
not  observed  at  all,  the  stone  must  again  be  cut  at  right 
angles  to  the  original  direction,  and  the  experiment  re- 
peated. If  they  still  do  not  appear  the  stone  is  nnsnitable 
for  drilling,  bub  may  be  used  for  nallets,  locking-stones, 
ruby  pins,  &c. 

The  stones  to  be  examined  in  this  manner  must  be  larger 
than  those  commonly  met  with,  and  if  cylindrical  rubies 
can  be  obtained  they  are  to  be  preferred,  as  it  is  then  only 
necessary  to  slice  them  across  their  axis. 

It  should  perhaps  be  observed  that  these  precautions  can 
only  be  taken  in  making  jewel-holes  for  the  higher  class  of 
clocks,  chronometers  and  watches.  The  cheaper  class  must 
of  necessity  be  cut  in  such  a  manner  as  their  figure  may 
suggest. 

207.  Making  jewel-holes.  —  Having  selected  20  or 
30  stones  of  about  the  same  height,  cement  them  to  a 
smooth  brass  or  copper  plate,  heated  to  melt  the  cement. 
Hold  this  plate  in  contact  with  a  revolving  copper  lap  in 
which  the  coarser  quality  of  diamond  powder  (169)  has 
been  embedded  by  means  of  a  hard  steel  block  ;  the  lap  is 
moistened  with  water. 

When  one  side  of  the  stones  is  true,  soften  the  cement  and, 
after  washing,  place  them  in  a  vessel  containing  spirits  of 
wine  heated  by  a  lamp.  After  doing  the  same  to  the  plate 
again  cement  the  stones  to  it  with  the  trued  sides  down- 
wards, and  grind  the  other  faces  until  the  desired  thickness 
is  arrived  at.  Clean  the  stones  and  smooth  them  on  the 
brass  lap  charged  in  a  similar  manner  with  a  finer  quality  of 
powder. 

The  stones  are  now  ready  for  drilling.  This  may  be  done 
with  diamond  powder  or  with  the  diamond  drill,  both  of 
which  methods  will  be  explained. 

208.  To  drill  withjpowder. — In  drilling  with  powder  the 
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stone  is  fixed  with  sealing-wax  or  shellac  on  a  carrier  that  is 
adapted  to  the  tool-holder  of  the  shde-rest,  this  carrier 
being  provided  with  a  vertical  slide  so  that  by  the  screws 
in  three  directions  the  stone  can  be  accurately  centred  ;  it 
is,  moreover,  so  arranged  that  the  stone  can  be  advanced  to 
or  from  the  drill  by  pressing  with  the  finger  axially.  Drill 
a  small  hole  in  the  centre  of  the  chnck  and,  after  fixing  a 
piece  of  steel  in  it  that  has  been  hardened  and  tempered  to 
a  greyish  colour,  turn  a  point  on  it  about  twice  the  length 
of  a  pivot,  to  serve  as  a  drill.  This  point  must  be  slightly 
thinned  backwards  to  prevent  it  from  choking  in  the  hole 
and  its  end  should  be  flat  so  as  to  retain  the  powder. 

"When  the  stone  is  exactly  centred,  place  No.  2  diamond- 
powder  on  the  end  of  the  driD,  and  pi*ess  the  stone  gently 
against  it,  constantly  releasing  it  from  the  drill  for  an 
instant  at  a  time.  The  hole  will  be  perforated  in  from  8  to 
15  minutes  according  to  its  depth,  during  which  interval  the 
powder  should  be  renewed  two  or  three  times.  Remove  the 
stone  and  fix  it  on  the  barrel-chuck  cover  so  as  to  turn  true 
in  the  lathe  ;  then  turn  out  the  oil- cup  with  a  diamond 
graver  of  suitable  form.  See  again  that  the  stone  is  central, 
and  re-centre  it  if  this  be  found  necessary.  This  is  done 
with  the  smooth  conical  end  of  a  soft  round  broach  or  a 
pegwood,  as  explained  in  articles  405 — 8,  a  lamp  being 
held  under  the  chuck  at  the  same  time. 

209.  To  use  the  diamond  drill. — Having  centred  the 
stone  on  the  chuck,  as  explained  in  the  preceding  paragraphs 
set  it  in  rotation  and  bring  a  sharp-pointed  diamond  graver 
against  its  centre,  presidng  Ughtly  and  resting  the  handle  on 
the  X'^^^ '  A  minute  central  mark  is  thus  made  in  the 
stone  for  maintaining  the  drill  axial.  Selecting  a  diamond 
drill  of  convenient  diameter,  moisten  it  in  the  mouth  and 
present  it  to  the  mark,  applying  a  gentle  pressure  the 
amount  of  which  can  only  be  ascertained  by  practice.  It  is 
to  be  observed  that  a  number  of  stones  should,  if  possible, 
be  drilled  at  the  same  time,  for  the  hand  is  apt  to  lose  the 
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requisite  knack  if  only  one  or  two  are  perforated  at  a 
time. 
210.  Smoothing  and  polishing.— When  the  hole  is 

made  through,  remove  the  stone  and  invert  it  on  the  chuck. 
The  diameter  being  less  than  that  ultimately  required,  pass  a 
brass  broach  charged  with  No.  8  powder  through  the  hole, 
giving  it  a  gentle  axial  motion  while  the  stone  revolves,  and 
taking  care  to  avoid  pushing  it  so  far  forward  as  to  lock  in 
the  stone,  and  holding  it  very  lightly  between  fmger  and 
thumb.  When  suflSciently  smooth,  clean  with  rotten  wood 
or  soft  bread,  and  treat  it  in  a  similar  manner  with  a  copper 
broach  and  No.  4  powder.  Then  again  clean  and  use  a  tin 
broach  and  powder  No.  5.  Next,  taking  a  small  bone  cone, 
smooth  the  angles  of  the  holes :  then  use  a  copper  wire  with 
rounded  end  for  smoothing  the  oil-cup  (with  powder  No.  8) : 
follow  as  explained  for  the  hole  with  the  finer  degrees.  Using 
a  finely  pointed  pegwood  that  passes  through  the  hole, 
marry  or  round  off  the  internal  angle  between  hole  and  oil- 
cup  (the  powder  that  remains  in  the  hole  being  sufficient 
for  this  purpose)  and  do  the  same  to  the  outer  circum- 
ference of  the  cup  with  a  copper  spindle  of  somewhat  larger 
diameter. 

Bound  off  external  angles  with  a  diamond  graver  followed 
by  a  copper  polisher,  the  end  of  which  is  cup-shaped.  The 
flat  face  of  the  stone  is  polished  with  a  small  copper  disc  and 
No.  4  powder,  pressing  it  lightly  with  the  finger  at  the  same 
time  that  a  circular  movement  is  given  to  it ;  finish  with  No. 
5  powder.  Or  the  stone  may  be  detached  and  the  flat  &ce 
polished  by  working  on  a  ground  glass  plate,  a  pegwood 
point  being  passed  into  the  hole  to  form  a  handle. 

Ee-set  the  stone,  inverting  it,  on  the  chuck,  centring  it 
as  explained  in  405—8'  The  other  side  is  then  polished 
in  the  same  manner,  using  such  tools  as  its  form  may 
require. 

Having  thus  completed  the  stone,  examine  it  carefully 

jjth  a  powerful  glass  to  ascertain  that  the  hole  is  highly 
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polished  and  the  angles  rounded  off,  &c.    It  is  then  ready 
for  setting. 

21L  Setting  jewel-hohs. — Whether  it  be  a  plate,  cock 
or  boachon  in  which  the  stone  is  to  be  set,  the  piece  most 
always  be  cemented  to  a  chuck  and  the  hole  accurately 
centred.  Tnm  it  out  to  a  depth  corresponding  to  the  thick- 
ness of  stone,  and  make  a  circular  groove  round  the  hole 
thus  made  with  a  round-pointed  graver,  only  leaving  a  very 
thin  fillet  of  metal  on  the  inside.  The  stone  should  fit 
easily  in  the  hole,  but  without  play,  and  should  pass  in  to 
sudi  a  depth  that  its  surface  is  slightly  below  that  of  the 
plate,  &C.,  when  there  is  an  end-stone  ;  in  other  cases  it 
must  of  course  often  depend  on  the  end-shake  to  be  obtained. 
At  the  same  time  it  appears  desirable  that  it  shonld  always 
be  slightly  below. 

Clean  ont  the  setting  and  place  a  small  quantity  of  oil  in 
it  to  prevent  the  stone  from  flying  out  when  made  to  rotate; 
or  it  may  be  rendered  still  more  safe  by  a  pointed  pegwood 
stick  held  in  the  hand.  The  stone  is  fixed  in  position  with 
a  small  conica]  burnisher  (as,  for  example,  the  point  of  a  round 
broach)  very  carefully  polished  so  as  to  avoid  all  abrading 
action;  if  an  excess  of  metal  is  forced  over  the  surface  of 
the  stone  it  is  removed  with  a  graver.  The  surface  of  the  brass 
is  finally  smoothed  with  hemp  stem  or  pegwood  and  tripoli 
in  oil,  followed  with  polishing  rouge  in  spirits  of  wine. 

English  jewel-setters  often  do  not  tnm  the  groove,  but 
leave  a  projecting  edge  round  the  hole  which  is  pressed  on 
to  the  stone  with  a  burnisher. 

Some  forms  of  tools  for  fixing  new  jewel-holes  in  position 
will  be  found  described  in  article  373- 

212.  To  make  end-stones.— The  details  already  given 
will  enable  any  intelligent  workman  to  make  end-stones.  If 
one  of  diamond  in  a  brass  or  steel  setting  is  required,  take  a 
small  rose-cut  stone,  turn  out  a  hole  in  the  chuck  to  receive 
it,  and,  after  cementing  in  position,  tnm  off  the  comers  with 
a  diamond  graver  so  as  to  be  able  to  set  it. 
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For  making  end-gtoncg  of  ruby,  sapphire  or  cbrjgolite^ 
flatten  a  face,  nsing  the  laps  Ncm.  1,  2,  and  3  in  snccesdon 
or  a  plate  of  gronnd  glass.  Then  cement  with  the  flat  fecc 
towards  the  chnck,  and  tnm  to  the  requisite  form  with  a 
diamond  graver.  Polish  with  the  cup-ended  brass  and 
copper  spindles,  and  set,  if  requisite,  in  the  same  manner  m 
a  jewel-hole. 

213.  To  make  pallets,  unlocking  pallets.  &c.— This 

may  be  done  on  the  lap  or  by  using  files  of  soil  steel,  copper 
and  tin.  In  the  first  case  the  stones  are  roughed  out  while 
held  by  the  hand,  and  the  required  form  is  given  while 
holding  them  in  a  small  carrier  that  fits  into  the  T"^®*^ 
support,  but  the  forms  of  such  stones  are  so  various  that  no 
special  details  can  be  here  given.  The  diamond  powders  of 
difibrent  degrees  of  fineness  are  used,  as  in  making  jewel- 
holes. 

214.  To  make  semi-cylindrical  locking  stones,  ruby- 
pins,  &C. — ^The  stone  must  first  be  made  approximately 
cylindrical  on  the  lap  No.  1,  so  that  it  may  be  turned  with 
the  diamond  graver.  Drill  a  hole  in  the  chuck,  cement  the 
stone  in  it  and  turn  it  in  this  manner.  When  true  and  of 
the  requisite  length  and  diameter,  round  off  the  outer  end 
and  smooth  with  a  cup-ended  spindle,  then  polish  with 
powders  3  and  4  successively.  Round  off  the  sharp  comer 
with  a  cup  of  rather  greater  curvature.  The  cylindrical 
surface  is  polished  by  means  of  a  small  lap  carried  on  a 
vertical  spindle  in  a  frame  fixed  in  the  X-rest  support,  and 
caused  to  rotate  rapidly  with  a  bow,  the  lathe-head,  also  re- 
volving at  the  same  time  (179).  The  lap-carriage  should  have 
a  vertical  screw  adjustment  so  that  it  may  be  brought  just 
into  contact  with  the  stone  ;  it  is  supplied  with  the  several 
degrees  of  powder  in  turn.  Now  drill  a  hole  in  another 
chuck  of  the  diameter  of  this  cylinder,  fix  it  in  position 
and  finish  off  the  opposite  end. 

To  form  the  flat  face  along  the  axis  of  the  stone  it  is 
cemented  to  a  8upi)ort  in  place  of  the  T-rest  and  brought 
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mgtaasL  the  rerolying  kp  in  the  kibe  ;  or  the  same  regoJt 
iDij  be  a;ttamed  br  using  a  br^s  file. 

A   small   aj^liance   wherebj  such  stones  nsar  be  cut 
It  has  been  described  bj  Corzon,  and  to  it  the 


mder  is  idcn^* 

215.  To  make  a  duplex  roller.— At  the  present  day 

this  ^senKtion  so  rarelj  has  to  be  done  tha;t  onlj  a  few  words 
cm  be  deroted  to  its  oc»n£ideratic>n« 

Vcny  paipe  rnbies  must  le  select-ei  and  the  hole  drilled  as 
cxphmed  in  209 ;  if  the  drill  is  too  sh<Ht  it  most  be  in- 
trodBDcd  at  o^Masate  eaids,  and  the  two  holes  made  to  meet 
4-ffcHr  sEDOodung  the  sarlacie^  the  notch  is  cut  with  the  thin 
steel  ^mxer  referred  tc»  in  article  204.  the  roller  being 
fseniBDlBd  to  a  snpport  thai  replaces  the  X"^^-  When  the 
fitecl  disc  chaig©d  with  powder  Xo.  4  is  reTolring  Tery 
njidtf,  adTanoe  the  roller  under  it  br  a  screw.  The  notch 
IS  po^Und  br  a  small  ooj^ter  £le  of  soitable  form,  and  its 
■oamBPB  ronnded  off  by  a  tin  one  <:»f  sqpare  section,  one  edge 
of  niodi  enters  the  notch. 

21ft.  To  mcHmt  diamond  drills  and  gravere. — ^I>rill  a 

hdit  or  £k  a  natch  in  the  end  of  a  pieoe  of  brass  wire  to 
conc^aiid  with  the  fragment  of  diamond ;  heat  the  end  in 
a  qpdrxt  Isop  and  lay  on  it  a  pieoe  of  good  sealing-wax  or 
f'V'^nnr  When  this  oommesnoes  to  nkelu  set  the  diamond  in 
jggn&m  ttod  leare  the  whole  to  cooL  Diamond  drills  are 
-^grj  wmrrmrmly  moonted  at  the  end  of  a  pin  thst  has  had  its 
pcdnt  fObd  off ;  mark  a  point  c>n  the  end  with  a  graxer  and 
•drill  ;&£  hole,  whkh  fibonld  be  rerr  shallow.  Holding  the 
^nnin  a  pm-Tioe  with  its  point  projecting  abont  1-1  (^ 
imii,}fflBt  i&e  Tioein  a  lamp,  andprooeed  as  ahoTe  ej^Sained. 

*  SoroiBfiodlJovmaT,  -nrm.    1B90— 1\,  p.  79. 
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PART   III. 


HEALTH  AND  MANIPULATION. 


PRESERVATION    OF    HEALTH. 

217.  Some  of  the  following  directions  may  perhaps  be 
considered  to  be  over-minute  and  too  restrictive  ;  but  they  ai'e 
not  so.  Good  habits  contracted  in  youth  are  easily  maintained, 
and,  when  the  watchmaker  has  tried  them  long  enough  to 
convince  him  of  their  influence  on  his  health,  he  will 
experience  no  difficulty  in  keeping  them  up. 

THE   SIGHT. 

218.  When  working  at  any  small  mechanism  such  as  a 
watch  it  is  necessary  to  use  the  glass,  but  this  practice  is  apfe 
to  produce  inflammation  of  the  conjunctiva  or  cornea  and  a 
weakening  of  the  eyesight ;  a  too  frequent  and  prolonged  use 
of  the  glass  will  have  the  same  effect  as  using  spectacles  that 
are  too  strong. 

In  order  to  preserve  his  eyesight,  the  watchmaker  should 
take  the  following  precautions  : — 
He  should  not  retain  the  glass  at  his  eye  by  a  contraction 
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of  the  muscles  for  more  than  a  brief  interval  of  time.  The 
glass  holder^  which  can  be  at  once  set  in  any  desired 
position,  has  therefore  much  to  recommend  it. 

Drill  a  few  holes  in  the  frame  of  the  glass  to  avoid  or 
at  least  diminish  the  inconvenience  that  arises  from  the 
heating  of  the  enclosed  air,  as  well  as  from  the  deposition  of 
moisture  on  the  surface  of  the  glass. 

Do  not  use  glasses  of  too  great  magnifying  power  ;  they 
needlessly  fatigue  the  eye. 

Only  use  glasses  that  are  truly  achromatic.  If  compelled 
to  use  the  ordinary  simple  glass,  place  a  ring  of  dead  black 
paper  inside  the  frame  and  against  the  lens,  which,  by 
diminishing  the  field  of  view,  will  reduce  the  inconvenience 
due  to  spherical  aberration. 

It  is  hardly  necessary  to  advocate  the  use  of  a  green  card- 
board shade  to  the  lamp,  as  they  are  so  generally  used  by 
watchmakers.  It  should  be  so  arranged  as  to  protect  the 
head  and  eyes  from  radiation,  and  card-board  is  preferable 
to  metal  since  it  radiates  less. 

Working  at  night  and  by  artificial  light,  more  especially 
by  the  dazzling  light  of  gas,  fatigues  the  ejes  much  more 
than  with  ordinary  daylight,  and  the  workman  will  find  it  a 
relief,  if  obliged  to  work  by  artificial  light  on  very  minute 
objects,  to  rest  his  eyes  frequently  on  large  stationary  bodies. 
If  he  can  do  so,  it  is  a  great  comfort  to  bathe  the  eyes  in 
cold  water. 

It  is  a  good  practice  to  habituate  oneself  to  the  use  of 
either  eye  with  the  glass. 

By  adopting  these  simple  precautions,  how  many  of  our 
feUow-workere  who  are  now  only  able  to  see  objects  in- 
distinctly and  suffer  from  incipient  blindness  would  >  have 
preserved  their  sight  uninjured.  And  there  is  yet  another 
precaution  that  has  been  pointed  out  by  Dr.  Haltenhoff,  of 
Geneva.  He  has  shown  that  by  avoiding  an  excessive  in- 
dulgence in  alcoholic  drinks  or  tobacco,  many  old  watch- 
makers in  that  town  have  succeeded  in  preserving  their  sight 
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unimpaired,  and  it  is  impossiblo  to  doubt  the  truth  or  over- 
estimate the  importance  of  this  fact. 

The  same  authority  draws  attention  to  the  necessity  of 
taking  care  that,  before  adopting  watchmaking  as  a  trade, 
youths  should  ascertain  that  they  do  not  suffer  from  pro- 
gressive near-sightedness,  which  is  often  hereditary,  as  in 
such  a  case  they  would  most  certainly  be  compelled  to 
abandon  it  in  after  life.  Boys  should  not  be  set  to  work  on 
such  small  objects  as  the  details  of  a  watch  too  early  in  life, 
before  the  membranes  of  the  eye  have  assumed  a  certain 
degree  of  rigidity. 

Mr.  Brudenell  Carter,  a  well-known  ophthalmist,  is  of 
opinion  that  the  habitual  use  of  the  glass  by  watchmakers 
has  the  effect  of  actually  developing  and  preserving  tho 
power  of  the  eye. 

THE    BODY    IN    GENERAL. 

219.  It  is  often  found  that  an  old,  or  even  a  middle-aged 
watchmaker  is  irritable,  often  tired  and  soured.  This  arises, 
not  so  often  from  an  over-excited  uneasiness  in  regard  to  his 
trade,  an  explanation  that  is  usually  urged,  as  from  a 
derangement  of  his  digestive  organs  brought  about  by  the 
habit  of  life  he  is  compelled  to  adopt.  Prolonged  working  at 
minute  horological  mechanism  is  perhaps  more  wearying  to 
both  the  mind  and  body  than  any  other  trade  or  occupation. 

To  avoid  its  ill  effects  the  watchmaker  should  adopt  the 
following  precautions  as  far  as  possible  : — 

Do  not  use  a  stool  with  stuffed  seat,  but  prefer  one  of 
cane  or  wood. 

Take  care  that  the  relative  heights  of  the  board  and  stool 
are  such  that  an  excessive  compression  of  the  muscles  of  the 
chest,  &c.,  is  avoided  during  any  long  operation  that  renders 
it  necessary  to  maintain  the  body  in  a  constrained  position. 

A  stool  with  adjusting  screw,  similar  to  a  music-stool,  is 
convenieat  from  this  point  of  view. 

Change  the  position  as  much  and  as  often  as  possible. 
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especially  when  working  with  the  file  or  graver.  With  this 
object  in  view  many  workmen  have  a  second  board  of  snch 
a  height  that  they  can  work  standing. 

When  nsing  the  lamp  let  it  always  be  provided  with  a 
cardboard  shade  as  already  recommended. 

A  screen  to  protect  the  head  from  the  direct  heat  of  the 
flame  is  often  found  advantageoos  ;  in  fact,  the  watchmaker 
should  adopt  the  advice  of  Boerhaave  :  ^^  Keep  the  head  cool 
and  the  feet  warm." 

Let  him  always  remember  that  nothing  does  more  harm 
than  sitting  to  the  bench  immediately  after  a  meaL  He 
should  allow  an  interval  of  half  an  honr  to  elapse  and  with 
some  temperaments,  even  this  is  not  enongh  ;  daring  this 
period  he  should  only  do  work  at  which  it  is  possible  to  stand. 
A  little  esercise,  such  as  a  walk  that  is  not  hurried,  will  be 
stfll  better :  it  will  stimulate  the  circulation  and  stretch  the 
mnsdes  that  have  been  maintained  in  a  constrained  position 
for  a  long  time  through  the  prolonged  attention  and  slight 
motion  that  his  labours  involve. 

USE  OF  THE   FILE   AND   GRAVER. 

220.  The  first  operations  that  a  watchmaker  ought  to  learn 
me  to  file  flat  and  square,  to  turn  round,  to  forge,  to  hammer- 
hardenapieceof  metal  withoutdeteriorating it.  These  accom- 
plishments aze  but  too  much  neglected  in  the  modem  training 
<ii  an  apprentice,  an  omission  that  is  partly  owing  to  the 
vant  of  good  instructors  and  partly  to  the  shortness  of  the 
time  he  can  afford  to  devote  to  learning  his  trade. 

TO  RLE  FLAT  AND  SQUARE  WjTH  BOTH  HANDS 

AT  ONCE.» 

221-  It  is  a  very  common  practice  to  place  an  old  file  in 

*  A  Lug<e  amcrant  of  informatioii  on  this  and  oogxLate  Bubjocte  inll 
^  faand    in    Hid.tzapff&r6   Turning  and   Mt^haninl  Manipulation j 
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the  bands  of  an  apprentice,  to  fix  in  the  jaws  of  a  vice  «  piece 
of  metal,  either  brass,  iron  or  steel,  and  to  set  him  to  work 
rubbing  and  filing  the  surfaces  with  great  labour,  the  only 
result  being  that  they  are  utterly  mis-shapen  and  covered 
with  })rillant  spots. 

This  method  is  bad.  The  action  of  the  file  is  mechanical 
and  the  problem  that  has  to  ])e  solved  is  the  following  :  to 
produce  good  work  in  the  shortest  possible  time,  and  with 
the  least  expenditure  of  force.  It  is  therefore  only  by  very 
slow  degrees  that  an  apprentice  can  hope  to  acquire  the 
requisite  ability,  if  he  is  set  to  work  trying  to  shape  an  object 
in  some  hard  metal  before  he  knows  how  to  maintain  lines 
straight  and  surfaces  flat.  Not  knowing  how  to  proportion 
his  effort  to  the  resistance  to  Ikj  overcome,  and  allowing  the 
file  to  travel  irregularly  over  the  surface,  he  gets  confirmed 
in  the  tendency  to  give  a  rocking  motion  to  the  file,  whereby 
the  surface  is  left  round,  and  he  will  find  it  all  the  more 
difficult  to  throw  this  habit  aside. 

It  is  far  better  to  let  him  commence*  on  round  pieces  of 
common  wood,  filing  with  a  rasp  or  coarse-cut  file  without 
removing  too  much  at  once.  By  this  means  he  may  rely  on 
learning  to  file  flat  and  square  by  the  eye  alone  without  the 
aid  of  a  straight-edge. 

"When  he  works  well  in  common  wood,  he  can  be  set  to 
file  harder  woods,  box  for  example,  roughing  with  a  rasp 
and  finishing  with  a  new  bastard  file.  He  should  not  be 
allowed  to  leave  hard  wood  until  able  to  file  a  surfece  so 
well  that,  on  placing  a  metal  rule  across  it  in  any  direction, 
it  is  found  to  be  flat. 

222.  Let  him  then  advance  to  brass  which,  if  cast,  should 
be  previously  dipped  in  acid  to  remove  the  hard  surface,  ba 
this  should  not  be  filed  oflf.  The  resistance  it  opposes  would 
cause  a  jerky  motion  of  the  file  that  would  be  apt  to  disturb 
the  slight  amount  of  decision  the  hand  has  already  acquired. 

As  brass  opposes  a  considerable  resistance,  the  pupil 
ahould  be  carefally  watched  with  a  view  to  preventing  too 
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rapid  movement  and  an  excessive  pressure^  involving  waste 

of  power,  while  he  fancies  the  work  is  being  proportionately 

advanced ;  the  manner  in  which  the  file  is  applied  to  the 

snr&ce  should  also  be  observed,  taking  care  that  little  or  no 

pressure    is   appUed    daring    the  backward  stroke.     The 

teacher  should  both  explain  and  demonstrate  that  the  main 

aeeret  of  success  consists  in  a  perfect  equilibrium  between 

the  actions  of  the  two  hands ;  one  should  increase  as  the 

other  decreases  with  the  horizontal  motion  of  the  file  since 

the  two  levers  in  use,  namely  the  portions  on  either  side  of 

ihe  point  of  contact,  are  continually  the  one  increasing  and 

the  other  decreasing. 

By  filing  steadily  and  attentively  the  hands  will  gradually 
acquire  the  requisite  sensitiveness  or  tact  that  enables  each  to 
adjust  the  pressure  in  proportion  to  the  other,  as  well  as  the 
Isj^k  that  enables  them  to  maintain  the  surface  flat.  It  is 
important  to  avoid  short  and  jerky  movements. 

Practical  instruction  from  a  competent  teacher  must  be 
xreUed  on  to  complete  .the  directions  here  given;  no  written 
Izistructions  can  replace  it. 

It  is  advisable  to  use  new  or  nearly  new  files  in  the  above 
l^^sons ;  the  wear  will  have  brought  them  into  good  oon- 
tion  for  working  iron  or  steel. 

Proceed  with  these  metals  as  already  explained  in  regard 

brass,  and  special  attention  must  still  be  given  in  order  to 

■prevent  hurry  on  the  part  of  the  pupil.    The  files  remove 

less  metal  at  a  time  and  a  greater  pressure  is  necessary,  so 

t\iat  he  does  not  make  such  rapid  progress  as  with  brass, 

^d  this  gives  rise  to  a  tendency  either  to  use  new  files, 

which  are  soon  spoilt,  or  to  give  the  stroke  too  suddenly, 

while  applying  considerable  pressure,  especially  during  the 

return  stroke.    He  thus  heats  his  file,  breaks  off  the  crests 

of  the  teeth,  which  become  embedded  in  the  metal  and  do 

much  to  further  damage  the  file.    Moreover,  he  will  lose 

some  of  the  sensitiveness  of  touch  that  his  hand  has  already 

acquired. 
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223.  It  would  perhaps  be  well  to  subdivide  the  day  into 
three  parts  for  as  long  as  appears  necessary  ;  the  first  to  be 
devoted  to  filing,  the  second  to  turning,  and  the  third  to 
forging  and  cold  hammering. 

By  this  means  he  will  be  quicker  in  acquiring  the  requisite 
skill  of  hand  and  eye,  and,  when  he  has  attained  to  this 
ability,  it  will  be  time  for  him  to  practise  himself  in  the 
management  of  various  tools.  Feeling  certain  of  himself, 
he  will  soon  become  quick  in  his  work. 

It  is  prejudicial  to  the  true  instruction  of  a  pupil  and  a 
false  economy  of  both  time  and  money,  to  let  him  commence 
either  a  clock  or  watch  before  arriving  at  this  point.  He 
will  experience  difficulty  in  making  even  the  simplest  pieces, 
which,  besides  being  very  badly  made,  will  take  up  a  long 
time  ;  he  will  keep  forgetting  as  he  goes  on,  because,  owing 
to  the  slowness  with  which  he  works,  the  construction  of  a 
machine  occupies  months  or  even  years,  whereas  it  would 
only  have  occupied  a  few  weeks  or  months  if  he  had  possessed 
suf&cient  manual  skill  to  enable  him  to  handle  properly  the 
file  and  graver. 

We  insist  specially  on  the  need  of  this  preliminary  training 
of  the  young  horologist,  because,  with  very  rare  exceptions, 
if  a  pupil  is  set  to  delicate  details  before  he  is  master  of  his 
tools,  he  works  with  a  want  of  decision  and,  therefore,  with 
difficulty.  He  will,  as  a  rule,  make  a  workman  of  but 
moderate  ability,  and  will  soon  become  disgusted  with  his 
trade,  from  the  mere  fact  that  he  cannot  work  with  ease  and 
rapidity. 

.  Time  is  an  element  of  success  ;  hence  gratuitous  appren- 
ticeships for  short  terms,  that  become  a  tax  on  the  master  if 
he  does  not  soon  make  use  of  his  pupils'  services,  will  very 
seldom  produce  good  watchmakers. 

TO    FILE    FLAT   WITH    ONE    HAND. 

224.  When  an  object  is  to  be  held  on  a  cork  or  wood 
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block  fixed  in  the  vice  with  one  hand  and  filed  with  the 
other  hand^  special  care  ranst  be  taken  to  lav  the  file  flat 
withont  any  hesitation  after  each  retnm  stroke,  and  the 
hand  shonld  be  able  io  feel  if  the  file  is  wrong  in  this  respect 
and  to  at  once  bring  it  flat.  After  the  pupil  has  learnt  this, 
he  will  very  soon  be  able  to  adjust  the  pressure  and  the  force 
exerted  in  moving  the  file  horizontally,  so  that  it  shall 
remove  an  eqnal  amount  from  the  entire  surface  operated 
upon.  It  often  happens  that  the  object  can  conveniently  be 
rested  upon  a  finger  of  the  left  hand  while  the  right  hand 
holds  the  file.  The  maintenance  of  the  file  flat  is  in  that 
case  much  easier. 

225.  Mechanical  device  for  filing  flat. — This  (the  pradel) 
consists  in  placing  behind  the  workman  a  horizontal  bar, 
on  which  rests  one  end  of  the  file  handle,  prolonged  for  the 
purpose  to  about  a  yard  in  length ;  thus  the  file  has  two 
points  of  support :  the  bar,  adjusted  at  a  convenient  height, 
behind  the  workman,  and  the  object  to  be  filed  flat  fixed  in 
the  vice  in  front. 

This  method,  while  convenient  for  amateurs,  may  be 
utilized  in  teaching  an  apprentice,  letting  the  supports  Ije 
hinged  at  one  end  and  press  at  the  other  end  on  a  rather 
strong  spring  index,  which  must  be  prolonged  so  as  to  be 
brought  under  the  eye  of  the  pupil. 

The  displacement  of  the  index  will  show  him  every  false 
movement  of  his  hands,  and  will  guide  him  in  adjusting 
them.  It  would  be  best  if  the  prolongation  of  the  handle 
were  as  light  as  possible,  but  rigid  and  arranged  so  that  the 
file  can  be  held  naturally, 

TO  TURN    CYLINDRICAL   PIVOTS.    ETC..  AND    SQUARE 

SHOULDERS. 

226.  Just  as  in  working  with  the  file,  advice  and  demon- 
stration by  a  good  master  are  here  indispensable. 
The  materials  should  be  worked  in  the  same  order  as  is 
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explained  in  par?.  221-4 ;  that  is  :  wood,  brass,  iron,, 
steel,  hardened  and  tempered  steel ;  no  one  sample  being  set 
aside  until  the  student  can  turn  it  perfectly  round,  flat  on 
shoulders,  &c.,  and  smooth  throughout. 

He  should  turn  for  a  long  time,  whether  it  be  by  tha 
wheel  or  bow,  exclusively  with  the  point  of  a  square  or 
lozenge-shaped  graver,  the  end  of  which  is  ground  off  on  a 
slope  ;  this  is  the  only  possible  method  of  learning  to  turn 
truey  and  it  enables  the  workman  to  acquire  groat  delicacy  of 
touch. 

Owing  to  carelessness  or  to  the  fact  that,  when  first 
beginning,  they  were  set  to  work  on  metal  that  was  too 
hard  or  rough,  most  learners  turn  with  gravers  that  are 
ground  to  very  blunt  points  ;  as  the  graver  bites  less  they 
are  obliged  to  apply  a  proportionately  increased  pressure^ 
and  only  succeed  in  tearing  the  metal  away,  subjecting  it  tc^ 
a  kind  of  rolling  action,  and  rendering  the  hand  heavy.  If 
a  pupil  will  not  practise  turning  with  the  graver  point,  so  as 
to  preserve  it  intact  for  some  time,  dependent  on  the  nature 
of  the  metal,  he  will  never  be  able  to  turn  perfectly  true. 

The  bow  should  be  used  through  its  entire  length,  and 
with  a  motion  that  is  progressive,  not  jerky.  The  knack  of 
the  turner  with  the  bow  consists  mainly  in  keeping  the 
simultaneous  actions  of  the  two  hands  quite  distinct ;  one 
drawing  the  bow  downwards,  while  the  other  depresses  the 
point  of  the  graver  supported  on  the  "f-rest,  and  these  two 
movements  of  the  hands  must  be  performed  at  the  same 
time  but  quite  independently. 

Irregular  and  sudden  depressing  of  the  graver  point,  ov 
engaging  it  too  deeply,  causes  its  frequent  rupture.  This 
also  sometimes  arises  from  the  fact  that  the  point  is  not 
removed  with  sufficient  rapidity,  so  that  on  raising  the  bow 
the  metal  catches  it  while  travelling  in  the  reverse  direction  ; 
the  graver  is  thus  drawn  slightly  towards  the  work,  and 
its  point  will  be  found  too  close  in  when  the  bow  again 
descends. 
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Afl  has  been  already  observed,  the  bow,  which  must  not 
bo  too  short,  should  be  used  to  its  full  length  with  a  regular 
but  not  rapid  motion.  Afterwards,  when  the  hand  has  learnt 
bow  to  manage  the  graver,  the  speed  can  be  gradually 
augmented.  There  is  always  a  danger  of  losing  timc^ 
teaching  and,  therefore,  money  if  pupils  are  too  much 
harried  in  their  lessons.  Before  trying  to  wo'rk  quickly, 
they  should  at  any  rate  know  how  to  work  fairly  well. 

Short  and  sudden  movements  of  the  bow  will  make  the 
object  turned  jerk ;  it  will  be  heated,  and  the  sharp  angles 
of  the  graver  will  jamb  in  the  metal :  thus  there  is  less  work 
done  although  there  is  more  noise,  and  this  is  done  badly. 

227.  When  suflBcient  experience  has  been  gained  in 
taming  with  the  graver  point,  and  a  trial  is  made  with  the 
catting  edge,  do  not  attempt  to  remove  much  at  a  time  by 
pressing  heavily,  but  take  the  metal  sideways  so  as  to 
remove  a  continuous  thread,  using  all  the  points  of  the 
edge  in  succession  and  the  entire  length  of  the  bow.  The 
metal  will  thus  be  removed  as  a  thin  ribbon  or  shaving. 
When  the  hand  has  had  some  experience,  it  will  be  found 
easy  to  remove  long  strips,  and  the  work  can  be  done 
qaickly,  although  there  be  no  hurrying  in  the  movement  of 
the  bow.  (These  remarks  are  equally  applicable  to  turning 
with  a  wheel.) 

228 •  Hardened  steel  that. has  been  let  down  to  a  blue 
temper  requires  certain  precautious.  If  the  graver  is  found 
not  to  cut  cleanly,  it  must  at  once  be  sharpened,  and  no 
attempt  should  be  made  to  remove  more  metal  by  increasing 
the  pressure  of  the  hand,  because  the  steel  will  burnish  and 
become  hard  under  a  point  or  edge  that  is  blunt,  and  the 
portions  thus  burnished  are  sometimes  so  hai*d  as  [to  resist 
the  best  gravers.  The  only  way  of  attacking  them  is  to 
begin  at  one  side  with  a  fine  graver  point  which  must  be 
sharpened  for  each  stroke  ;  at  times  it  becomes  necessary  to 
temper  the  metal  afresh  before  it  will  yield.  It  is  asserted 
that  by  moistening  the  point  of  the  graver  with  petroleum 
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it  becomes  more  able  to  attack  hard  substances^  and  that  a 
mixture  of  two  parts  petroleum  and  one  part  turpentine 
enables  it  to  turn  very  hard  steel  with  comparative  ease. 
Indeed,  for  all  turning  it  is  a  common  practice  to  moisten 
the  graverljwith  oil,  water,  turpentine,  or  by  simple  introdnc- 
tion  into  the  mouth. 

We  have  frequently  seen  apprentices,  and  even  watch- 
makers themselves,  careless  as  to  the  proper  sharpening  of 
their  gravers  and  thinking  that  they  could  hasten  their 
work  by  the  application  of  considerable  pressure  ;  they  thus 
produced  bright  spots  that  required  several  hours  of  work 
before  they  could  be  removed. 

There  is  one  essential  condition  for  ensuring  good  work 
with  the  lathe,  and  this  consists  in  the  perfect  roundness  of 
the  points  or  holes  of  the  runners  or  centres,  and  of  the 
holes  or  points  that  are  supported  in  them :  this  perfect 
truth  is  nevertheless  very  rarely  met  with,  for  it  is  noticeable 
that  barely  one  watchmaker  in  ten  knows  at  the  present  day 
how  to  roll  such  a  point.  We  shall  subsequently  indicate 
the  precautions  to  be  observed  in  order  to  secure  this 
accuracy  (254). 

The  diameter  of  ferrule  is  also  to  be  considered  ;  if  it  ^ 
too  small,  the  bow  will  slip  and  the  object  will  only  rotate 
by  jerks ;  if  too  large,  it  loads  the  object  unnecessarily  ^^ 
the  velocity  of  rotation  is  reduced,  since  for  the  same  strol^^ 
of  the  bow  the  ferrule  must  make  a  less  number  of  tui^' 
Moreover,  if  it  is  of  large  diameter,  only  a  light  bow  m^^ 
be    used,  because    otherwise  the  force   appHed  would  ^ 
excessive. 

Swiss  workmen — at  least  the  great  majority  of  thei^ 
turn  indiflPerently  with  the  right  or  left  hand.  This  i^ 
very  useful  accomplishment  easily  acquired  when  young. 

The  working  of  various  tools,  such  as  the  English 
Geneva  mandril,  and  any  lathe  driven  by  a  treadle,  will  l>^ 
great  help  in  developing  the  sense  of  touch  and  in  maki^ 
it  more  certain. 
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But  it  must  not  be  forgotten  that,  in  order  to  turn  well, 
the  lathe  must  be  well  made  and  planned  ;  without  this,  no 
accurate  work  can  be  done.  The  lathe  is  the  first  and  most 
important  of  tools,  and  a  great  number  of  very  serviceable 
accessories  can  be  added  to  it,  which,  unfortunately,  but  few 
watchmakers  know  how  to  make  properly.  As  a  rule  they 
content  themselves  with  a  simple  pair  of  finishing  turns  on 
which  but  a  comparatively  small  amount  of  work  can  be' 
done. 

Without  committing  the  mistake  of  having  a  too  great 
multiplicity  of  tools,  let  the  pupil  rest  certain  that  a  well- 
planned  set  of  tools  in  good  condition  both  facilitates  and 
abridges  his  work  and  renders  it  more  nerfect. 
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PART    IV. 


TOOLS  AND  APPLIANCES. 


WORKSHOP    FITTINGS. 

229.  Before  proceeding  to  describe  the  various  tbrms  of 
lathe  and  the  several  small  tools  that  the  watchmaker  shonid 
make  for  himself  as  occasion  offers^  either  dnring  his  appren- 
ticeship or  immediately  after^  with  a  view  to  increase  his 
manual  skill  or  to  extend  his  experience^  it  will  be  well  that 
he  take  note  of  the  principal  conditions  that  shonid  be 
satisfied  by  the  ordinary  tools  that  he  will  have  to  bny,  as 
well  as  the  precautions  to  be  observed  in  their  use  and  some 
improvements  of  which  they  are  capable. 

230.  The  bench  or  board. — ^This  should  be  fixed  in 

front  of  a  large  window  that  affords  a  good  light.  The 
various  hooks,  recesses,  <&c.,  for  holding  the  bows,  files, 
hanuners,  <&c.,  as  well  as  the  drawers,  should  be  well  in  sight, 
not  only  in  order  that  the  hand  can  at  once  take  hold  of 
whatever  tool  is  required,  but  also  to  enable  the  workman  to 
restore  them  to  their  place  immediately  after  use.  By  doing 
so  he  will  have  no  occasion  to  retain  on  the  bench  any  but 
those  tools  that  are  very  frequently  or  continuously  in  use. 

It  is  an  excellent  habit,  conducive  both  to  well-planned 
and  rapid  work,  and  which  can  be  easily  acquired  by  a  little 
attention  during  an  apprenticeship,  to  always  place  the  same 
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tools  in  the  same  places,  as  the  bench  will  then  never  be 
encnmbered.  .  By  this  means  loss  of  time  in  turning  over 
£  nnmbcr  of  objects  in  order  to  find  one  that  may  be  small 
is  frequently  avoided. 

This  observation  is  of  minor  importance  to  specialists  who 
require  but  a  small  number  of  tools  ;  but  it  is  of  the  first 
importance  to  a  workman  that  is  engaged  in  the  repair  of 
watches. 

The  head  of  an  establishment,  who  can  arrange  for  him- 
self as  he  thinks  fit,  will  do  well  to  provide  two  boards,  at 
one  of  which  he  can  work  standing.  It  is  an  excellent 
practice  to  vary  the  position  of  the  body  (219), 

231.  The  stooL — ^Those  with  cane  seats  are  to  be  pre- 
ferred.  The  height  of  the  bench  and  stool  should  be  so 
related  that  the  muscles  of  the  chest  are  not  too  much 
cramped,  especially  if  the  workman  is  engaged  on  an  opera- 
tion that  occupies  a  long  time  and  obliges  him  to  maintain 
a  stooping  position.  The  stool  with  a  screw  is  advantageous 
in  this  respect. 

232.  The  lamp.  —  Certain  precautions  in  regard  to 
artificial    light    have    already  been    indicated    in    article 

218. 

233.  Bows. — Whalebones  can  be  reduced  in  strength  or 
i«ndered  more  uniform  by  being  filed  with  a  fine  rasp,  or  by 
scraping  their  surface  with  a  piece  of  broken  glass.  If, 
instead  of  fixing  a  brass  end  with  a  hook  to  the  bow,  it  be 
desired  to  form  a  hook  of  the  whalebone  itself,  hold  the 
extremity  in  boiling  oil  for  a  short  time,  when  it  will  soften  ; 
then  form  the  hook,  maintaining  the  whalebone  in  the 
required  position  until  sufficiently  cool  to  set.  Recently  a 
form  of  bow  has  been  introduced  [that  consists  of  a  brass 
handle  into  which  slides  a  steel  wire  bent  into  the  requisite 
form  ;  the  strength  of  course  depending  on  the  thickness  of 
steel  wire  used. 

234.  Oilstones- — I^  is  impossible  to  maintain  the  points 
of  gravers  in  good  condition  if  care  is'not  taken  to  keep  clean 
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and  flat  the  surface  of  the  stone  on  which  they  are  set ; 
if  it  has  suffered  irregular  wear,  the  level  may  be  restored 
by  rubbing  the  stone  on  a  flat  smooth  board  covered  with 
a  thin  paste  of  fine  sand  and  water.  Most  kinds  of  oil 
thicken  on  the  surface  rapidly,  when  the  graver  will  slide 
over  without  being  ground  down  at  all,  turning  round  in 
the  hand  and  thus  destroying  the  flat  face  and  wearing 
the  softer  parts  of  the  stone,  rendering  it  uneven.  A 
strong  solution  of  potash  or  soda  is  very  effective  for  re- 
moving this  gummy  mass ;  benzine  is  also  recommended 
for  the  same  purpose.  Various  substitutes  for  common  oil 
are  used ;  such  as  the  mineral  lubricating  oils  or  petroleum. 
Dr.  Latteux  advocates  the  use  of  a  mixture  of  alcohol  and 
glycerine,  the  proportion  of  the  latter  decreasing  as  the 
extent  of  metaUic  surface  in  contact  with  the  stone  at  once 
increases.  Thus,  for  example,  in  setting  a  razor  the  stone 
will  bite  better  if  alcohol  be  in  excess ;  but  for  a  graver,  of 
which  only  a  small  surface  touches  the  stone,  the  amount 
of  glycerine  present  should  be  relatively  much  greater. 

235.  Small  grindstones. — When  it  is  necessary  to  re- 
move a  good  deal  from  the  face  of  a  graver,  the  operation 
will  take  too  long  on  the  oilstone,  and  there  would  be  con- 
siderable dif&culty  in  maintaining  the  &ce  flat ;  recourse 
must  then  be  had  to  the  grindstone,  but  it  should  be 
remembered  that  care  is  needful  when  using  it.  The 
gi'indstone  must  always  be  thoroughly  wet  in  order  to 
avoid  heating  the  graver,  as  its  cutting  power  would  then 
be  destroyed.  The  emery  wheels  described  in  par. 
165  can  be  used  for  this  purpose,  but  they  are,  for  the 
most  part,  inconvenient  on  account  of  the  rapid  increase 
they  occasion  in  the  temperature  of  the  metal.  Some 
forms  of  emery  wheel  can,  however,  be  moistened  just  as 
the  grindstone. 

When  the  cylindrical  surface  is  rendered  irregular  by 
use,  take  a  piece  of  sheet-iron,  the  tail  of  an  old  file  or  a 
cold  chisel^  and  hold  it  with  one  hand  firmly  on  a  support 
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against  the  edge  of  the  stone^  which  is  rotated  by  the  other 
hand.  The  surface  can  thus  be  made  smooth  and  trae  pro- 
viding it  is  only  attacked  gradually  and  the  handle  is  not 
turned  too  rapidly.  An  excessive  velocity  will  heat  the 
iron,  which  then  is  less  effective  and  is  more  rapidly 
worn  down ;  whereas^  with  a  slow  motion,  the  iron  will 
relatively  wear  little  and  the  stone  more.  A  rough 
diamond  mounted  at  the  extremity  of  a  steel  rod  affords  an 
excellent  means  of  trimming  a  grindstone,  and  is  at  the 
present  day  generally  used  in  factories. 

286.  Classes. — Some  particulars  have  already  been 
given  in  regard  to  these  simple  microscopes  in  article  218. 

237.  Files. — ^A  new  file  should  never  be  used  for  steel ;  it 
is  best  to  employ  it  for  some  time  at  first  on  brass,  taking 
care  not  to  use  it  too  roughly.  If  employed  for  steel  at 
once  or  if  sharp  quick  strokes  are  applied,  the  cutting  edges 
of  the  file  will  chip  off  and  the  hard  particles  will  be 
embedded  in  the  metal  operated  upon  ;  the  work  will  thus 
be  bad,  and  the  file  itself  deteriorated.  A  file  that  has 
been  carefully  used  and  has  passed  gradually  from  brass  to 
steel  will  last  four  or  five  times  as  long,  and  \nll  always 
work  welL 

Watchmakers  often  fix  files  into  handles  by  driving  them 
firmly  into  round  holes  in  the  handles ;  this  practice 
frequently  leads  to  their  being  cracked,  and  the  following 
method  is  preferable  : — 

Take  an  old  worn-out  file  or  a  piece  of  iron  of  the  same 
form  as  the  tail  of  the  file  to  be  fitted ;  heat  it  several  times 
to  bright  redness  and  drive  it,  when  so  heated,  into  the 
handle,  taking  care  to  maintain  it  perpendicular.  A  hole 
wiU  thus  be  formed  of  the  required  form,  in  which  the  file 
will  hold  without  there  being  any  occasion  to  apply  excessive 
force  in  fixing  it  in  position. 

When  the  surface  of  a  file  is  choked  with  particles  of  iron,, 
copper,  wood,  &c.,  while  the  cutting  edges  are  yet  good,  it 
can  be  deaned  as  follows : — Place  the  file  for  a  few  seconds 
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in  a  hot  lye  of  potash  in  water,  and  on  withdrawal^  dry  it 
before  the  fire  and  brush  the  snrface  with  a  stiff  brash. 

238.  To  renew  the  catting  edges  of  files,  either  of  the 
following  methods  can  be  adopted : — 

(1.)  First  clean  the  file  with  potash  or  soda  dissolved  in 
water  if  greasy  or  resinoas  substances  have  to  be  removed  ; 
with  hydrochloric  acid  if  it  is  rusty ;  and  by  rubbing  with 
a  metallic  brush  or  piece  of  coke  if  particles  of  iron,  brass, 
lead,  copper  or  tin  have  to  be  removed.  The  file  is  now 
immersed  in  a  mixture  of  1  part  nitric  acid,  3  part«  sal* 
phuric  acid,  and  7  parts  water.  As  the  action  of  the  acids 
becomes  less  energetic  owing  to  the  combination  with  iron, 
the  temperature  of  the  mixture  must  be  raised,  since  rapidity 
is  a  condition  of  success.  The  time  during  which  the  file 
should  remain  in  this  bath  varies  from  10  seconds  to  100 
and  more,  the  roughening  of  fine-cut  files  being  far  more 
rapid  than  when  they  are  of  a  coarser  cut.  On  removal 
from  the  bath,  immerse  in  lime  wash,  dry  and  then  cover 
them  with  a  mixture  of  oil  and  turpentine  by  means  of  a 
brush,  after  which  they  are  ready  for  use. 

(2.)  After  being  cleaned,  as  explained  above,  the  file  is 
supported  in  a  dish  full  of  water,  resting  on  two  cross  wires 
so  that  all  its  surface  is  in  contact  with  the  liquid.  Now  add 
strong  nitric  acid  in  the  proportion  of  1  part  to  8  of  the 
water,  mix  it  thoroughly  and  allow  it  to  remain  for  25 
minutes.  Remove  the  file,  and,  after  washing  in  water  and 
rubbing  with  a  hard  brush,  place  it  again  in  the  bath  to 
which  a  second  eighth  part  of  acid  is  now  added,  and  leave  it 
for  50  minutes.  Again  remove  and  brush  the  file,  add  a 
sixteenth  part  of  concentrated  sulphuric  acid  and  replace 
the  file  in  the  bath.  Then  wash  successively  in  pure  water 
and  in  lime  wash  (to  remove  the  last  traces  of  add)  and 
dry.  The  file  will  be  found  to  possess  both  the  qualities  and 
the  appearance  of  a  new  one. 

239.  To  ad  an  equalling  file. — It  often  happens  that  a 
workman  is  called  upon  to  modify  the  shape  of,  for  example^ 
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the  bottom  of  a  rectangalar  notch^  and  he  is  not  provided 
with  a  file  of  snitable  shape.  In  snch  a  case  he  can  adopt 
one  of  the  following  methods  of  extemporizing  a  file  : — 

(1.)  Clamping  the  small  steel  strip  l,  fig.  7,  plate  XI.,  in 
a  vice,  cnt  the  notches  with  a  chisel,  n,  as  follows  :  Holding 
n  a  little  inclined,  cnt  the  first  notch,  ».  This  will  shghtly 
raise  the  metal,  presenting  a  ronnded  face  at  the  back.  To 
make  the  next  cnt,  hold  the  chisel  with  its  edge  on  l  and, 
after  drawing  it  backwards  nntil  arrested  by  the  back  of  t, 
incline  it  to  the  requisite  amount  and  give  a  second  blow 
Tvith  the  hammer,  then  continue  the  operation  till  the  whole 
is  finished.  A  few  trials  will  enable  any  workman  to  make 
a  small  file  with  sufficient  accuracy  for  his  purpose. 

(2.)  Employ  an  arrangement  similar  to  that  of  the  micro* 
meter  divider  (44)  only  more  rigid.  A  study  of  this  article 
and  examination  of  the  corresponding  figure  (fig.  1,  plate 
II.)  will  afibrd  all  the  information  that  is  necessary. 

(8.)  This  is  identical  with  the  method  of  dividing  a  rule 
described  in  469  except  that  the  divisions  are  closer  together 
and  the  tracer  is  replaced  by  a  revolving  cutter  with  its  axis 
a  little  inclined,  to  give  the  requisite  slope  to  the  teeth  of 
the  file.  This  cutter  is  supported  in  a  hinged  frame  and 
provided  with  a  washer  of  ivory  or  other  such  substance,  as 
seen  at  s,  fig.  7,  plate  XI.,  to  determine  the  depth  of  cut. 

240.  Beaupuy  files  and  burnishers, — Most  watchmakers 
are  acquainted  with  the  files  and  burnishers  that  M. 
Beaupuy  has  introduced  for  rapidly  forming  conical  pivots, 
the  main  characteristic  of  which  is  that  the  comer  presented 
to  the  pivot  is  rounded  to  the  desired  form  and  roughed  ; 
they  do  their  work  rapidly  and  well,  but  some  skill  is  neces- 
sary in  their  management.  To  the  instructions  which 
accompany  them  we  would  add  the  following : — 

They  must  never  be  used  when  quite  new  on  a  pivot  that 
is  to  be  employed  in  a  watch  :  it  will  be  reduced  too  rapidly. 
The  freshness  must  be  worn  'off  the  cutting  edges  of  the 
teeth  by  preliminary  use. 

H 
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The  pressure  must  only  be  appKed  perpendicularly  to  the 
surface  of  the  staff  as  in  making  a  square-shouldered  pivot : 
he  file  is  held  against  the  flat  face  without  pressure,  A 
lateral  force  will  have  the  effect  of  straining  the  pivot  and 
causing  it  to  break. 

The  comer  of  the  shoulder  must  not  be  brought  to  cor- 
respond with  the  required  point  in  the  notch  of  the  Jacot 
tool  until  the  entire  pivot  is  nearly  of  the  requisite  size. 
Up  to  this  point  the  pivot  should  not  pass  into  the  notch 
for  more  than  three-quarters  of  its  length.  It  is  of  course 
understood  that,  before  using  these  files,  the  cone  must  be 
shaped  as  far  as  possible  to  correspond  with  the  comer  of 
the  file.  (See  a  and  b,  fig.  14,  plate  XII.)  When  only  a 
few  strokes  of  the  file  remain  to  be  given,  it  should  rest  on 
the  entire  length  of  the  pivot. 

If  this  precaution  is  not  taken,  it  often  happens  that, 
owing  to  a  false  movement  of  the  file,  the  slope,  whether  it 
be  straight  or  curved,  extends  towards  the  point  as  indicated 
by  the  dotted  lines  at  o,  fig.  14,  plate  XII.,  and  the  pivot 
breaks  off. 

241.  Pliers,  tweezers,  &C. — It  is  advisable  to  have 
a  considerable  number  of  these,  as  their  strength  should 
always  be  proportional  to  the  force  that  has  to  be  applied 
to  them.  For  example,  if  a  pair  of  sliding  tongs  is  used 
when  a  hand-vice  is  needed,  the  former  will  be  strained 
beyond  its  limit  of  elasticity  and  the  tool  becomes  nearly 
useless. 

The  same  might  occur  with  any  other  form  of  pliers  or 
tweezers.  In  the  hands  of  a  good  workman,  they  will  last 
for  a  long  time,  but  if  used  unintelligently,  without  propor- 
tioning the  size  of  tool  to  the  force  that  has  to  be  applied, 
taking  up  the  first  that  comes  to  hand,  all  the  tools  will  soon 
become  unsatisfactory  and  the  work  itself  will  suffer.  It  is 
very  desirable  to  have  one  or  more  pairs  of  brass  pliers  and 
tweezers  for  handling  metal  work  without  the  risk  of 
scratching.     (See  article  361.) 
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242.  Compasses,  gauges,  micrometers.  &c.— The  com- 

mon  compass  for  measuring  thickness,  the  doozieme  gauge, 
is  not  strictlj  accorate  in  its  indications.  We  have  given  a 
method  of  correcting  for  this  error  in  the  Treatise  on  Modem 
Horology y  where  micrometers  and  several  forms  of  compass 
are  foUj  described.  Certain  forms  of  compass  used  by 
diaiigfatsmen  are  described  in  par.  28- 

The  compasses,  &c.,  that  wiU  be  found  described  in  the 
Treatise  are : — 


Donzieme  gauge 
Balance  staff  gauge 

Incline  gauge 

Jacot  (cylinder)  gauge... 

Internal  gauge 

Yarious  thickness  gauges 

Micrometers      

Bubj-pin  gauge 

Cylinder  compass 

Bozo's  barrel  compass  ... 

Sliding  vernier  compass 

Grammaire  or  dividing  plate  ...  „    290;    also 

article  372  of  this  work. 


OaUtper  for  measuring  pallet  opening, — See  article  644. 

243.  Calliper  for  mainspring  lieight,  depth  of  sink,  &c, — 
A  simple  instrument  for  taking  such  measurements  is  shown 
at  G,  fig.  15,  plate  VIII. 

The  finger  a  travels  over  a  graduated  arc  whenever  the 
rod  c  is  pressed  upwards  ;  &  is  a  fixed  stop,  with  its  extremity 
in  the  plane  of  w.  Any  movement  of  a  below  o  measures  the 
space  traversed  by  c  within  the  line  h  n. 

Laying  a  coiled  mainspring,  for  example,  on  a  plane 
smr&ce,  stand  the  base  n  of  the  calliper  upon  it,  and  the 
end  c  pressing  on  the  table  will  be  forced  inwards  and 
moTC  the  needle.    To  take  the  depth  of  a  barrel,  press  c  on 
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the  bottom,  allowing  h  to  rsst  on  the  edge  of  the  cover 
recess. 

It  will  be  evident,  from  the  figure,  that  a  and  c  are- 
connected  by  a  spring  passing  round  drums  at  corresponding- 
axes.  The  smaUer  j  is,  the  more  sensitive  will  the  instru* 
ment  become. 

244.  Pigure-of-8  calliper. — For  ordinary  work,  the^ 
callipers  to  l)e  bought  at  the  tool-shops  will  suffice  ;  but 
when  it  is  required  to  verify  escape-wheels,  balances,  &c.^ 
there  is  some  risk  of  accidents  in  consequence  of  the  vari- 
ableness of  the  friction  at  the  joint.  To  remove  this  source 
of  danger,  true  the  rubbing  surfaces  in  the  mandril  and 
replace  the  brass  discs  at  the  centre  by  similar  discs  of  steel, 
then  carefrilly  re-make  the  rivet  that  forms  a  hinge,  after 
oiling  all  the  acting  surfaces.  The  arms  will  now  move 
with  a  uniform  degree  of  stiflfhess,  so  that  there  need  be  no 
danger  of  jerks. 

245.  Eiveting  stake  and  punch.— The  holes  in  a 

riveting  stake  are  made  to  increase  downwards,  so  as  to 
avoid  any  accident  occurring  through  the  oscillation  of  the 
axis. 

The  riveting  punches  made  of  a  plain  steel  rod,  with  a 
hole  drilled  at  one  end  in  tlie  direction  of  the  axis,  are  the 
best.  Those  that  are  perforated  transversely  like  the 
lanterns  of  screw-point  tools,  do  not  produce  such  good 
riveting,  since  the  parts  of  the  end  from  behind  which 
metal  has  been  removed  are  more  or  less  elastic.  Methods 
of  riveting  will  be  found  described  in  pars.  365,  626. 

246.  Burnishers. — Burnishers  will  not  remain  in  good 
condition  unless  their  surfaces  are  prepared,  from  time  U> 
time ;  in  the  case  of  those  used  for  very  fine  work,  by  passing 
over  a  buflfetick  charged  with  polishing  rouge  or  very  fine 
emery^  and  other  kinds  on  an  emery  stick  more  or  less  fine, 
according  to  the  degree  of  roughness  the  burnisher  is  required 
to  possess. 

247.  To  re-fac^  a  burnisher, — Pivot  burnishers  are  usually 
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re*&ced  by  a  lapidary ;  a  watchmaker  can,  however,  do 
it  for  himself  very  effectually  in  the  following  manner : — 
Prepare  a  dry  smooth  piece  of  wood,  rather  thick,  and  of 
a  width  eqnal  to  the  length  of  the  bnmisher.  On  this 
board  careftilly  glue  a  piece  of  emery  pa}^)er  of  a  fineness 
corre8|)onding  to  the  degree  of  cat  required,  stretching  it 
aa  even  as  possible,  and  turning  the  edges  down  towards  the 
under  side.  Then  lay  the  board  on  a  firm  smooth  surface, 
resting  a  weight  upon  it,  and  allow  it  to  dry. 

In  using  this  lap,  it  is  fixed  or  allowed  to  rest  against  the 
side  of  the  bench  ;  holding  the  burnisher  with  two  hands  at 
its  extremities,  the  workman  places  himself  at  one  end  of 
the  board,  and  draws  the  burnisher  along  it  towards  him, 
inaintaining  the  surface  quite  flat  and  applying  considerable 
pressure.  On  reaching  the  nearer  end,  raise  it,  and  after 
sgain  placing  it  on  the  farther  end,  draw  towards  the 
body,  and  so  on. 

Bj  proceeding  in  this  manner  and  always  in  the  same 
•direction,  placing  the  burnisher  so  that  the  acting  edge  is 
fiirthest  away  from  the  operator,  all  risk  of  rounding  this 
sngle  wiQ  be  avoided  (see  also  paragraph  40). 

248.  Broaches. — Great  care  is  needed  in  adapting  the 
handles  to  broaches.  Besting  the  point  against  a  finger  of 
one  hand  and  causing  the  handle  to  rotate  by  two  fingers  of 
the  other  hand,  the  broach  itself  should  be  seen  to  remain 
tme. 

It  is  a  good  precaution,  suggested  by  M.  H.  Robert,  to 
gently  draw  a  piece  of  iron  charged  with  rouge  along  the 
^edges  of  pivot  broaches  in  order  to  remove  the  thread  of 
metal  frotai  them.  Minute  particles  of  this  thread  would  other- 
wise remain  in  the  holes,  and  occasion  wear  of  the  pivots. 

These  fine  broaches  are  not  fixed  in  handles,  but  a  piece 
of  sealing-wax  is  melted  on  to  the  upper  end  ;  then,  holding 
ihe  broach  between  two  fingers,  with  its  stem  downwards,  it 
is  rotated  while  held  to  a  flame,  so  that  the  sealing-wax 
ibrms  a  regular  oblong  handle. 
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In  articles  309 — 310  will  be  found  certain  additional 
detaUs  in  regard  to  the  nse  of  broaches,  especially  in  con- 
nection with  taps  and  drills. 

For  particulaiB  in  regard  to  other  small  tools  nsed  by  the 
watchmaker,  see  articles  308 — 381. 

249-  Blowpipes. — In  order  that  a  long  even  flame  may 
be  obtained,  the  hole  should  be  of  moderate  size  and  per- 
fectly clean  ronod  the  edge ;  otherwise  the  jet  cannot  be 


"^ 


straight  and  sharp.  Difficulty  will  always  be  experienced  hy 
anyone  who  has  not  learned  to  bi'eathe  witbont  intermpting 
the  continoity  of  the  blast. 

Where  a  supply  of  gaa  is  available,  the  gae  blowpipe 
presents  advantages  from  the  point  of  view  of  convenience, 

250.  Small  wind  furnace. — The  workman  will  fre- 
quently have  occasion  to  anneal  pieces  of  steel  or  to  raise  to- 
a  red  heat  objects  that  are  too  large  for  the  blowpipe  ;  an 
ordinary  open  fire  aided  by  bellows  is  oiten  resorted  to  in 
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each  a  case.    A  better  plan,  however^  is  to  obtain  any 
small  portable  famace^  provided  with  a  hood  that  completely 
doses  it  at  the  top,  and  has  a  chimney  12  or  18  inches  long. 
Placing  this  fdmace  in  the  open  air  or,  preferably,  under  a 
chimney,  lay  some  paper  and  chips  on  the  bottom  and,  after 
oovering  these  with  charcoal,  set  on  the  hood  and  apply  a 
light  through  the  small  fiimaoe  door  at  the  bottom,  which  is 
tefb  open.    In  a  few  minutes  the  fire  will  be  well  burnt  up. 
25L  Muffle  furnace. — ^This  form  of  furnace  is  only 
required  when  a  uniform  degree  of  heat  has  to  be  kept  up 
for  a  long  period.    Very  many  designs  are  to  be  met  with, 
charcoal^  anthracite,  peiroleum  or  gas  being  used  as  a  fuel; 
but  the  gas  furnace  is  the  cleanest,  and  a  useful  form  of  it, 
designed  and  made  by  Fletcher,  of  Warrington,  is  shown  in 
longitudinal  section  in  fig.  8.     It  will  be  seen  that  the 
burner  is  of  special  construction,  and  the  mufSe  or  oTen,  in 
which  the  object  to  be  heated  is  placed,  is  at  a  short  distance 
above  it ;  the  heat  playing  over  the  entire  external  surface 
of  the  mu£Be  without  any  of  the  products  of  combustion 
being  allowed  to  enter  it.    The  amount  of  gas  required  for 
a  small-sized  furnace  (the  muffle  measuring  2  x  2^  x  4^ 
ins.)  is  17  cub.  feet  per  hour,  and  for  the  largest  size 
(muffle  measuring  4^  x    5i  x   10  ins.)  about  twice  this 
quantity. 


THE    LATHE. 

ORDINARY   TURNS. 

2S2.  The  ordinary  pair  of  turns  employed  by  watch- 
makers is  shown  in  fig.  6,  plate  II.,  and  yarious  additions 
that  may  be  snppHed  to  it  are  also  shown  on  the  same  plate. 
Some  of  these  accessory  pieces  involye  a  considerable  amount 
of  careful  workmanship ;  but,  in  our  opinion,  the  time  devoted 
to  providing  oneself  with  a  well-finished  set  of  serviceable 
toolB  is  well  spent ;  at  any  rate,  it^is  open  to  any  reader  io 
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simplify  the  tools  here  described,  modifying  them  according 
to  his  requirements. 

It  is  best  to  bay  a  somewhat  heavy  pair  of  tnms ;  about 
donble  the  size  represented  in  the  plate,  for  example,  as  that 
will  suffice  for  most  ordinary  work.  The  centres  may  be 
clamped  by  the  ordinary  wing  nuts  or  by  small  levers  similar 
to  tlmt  of  the  bench  vice,  but  a  preferable  method  is  that  de- 
scribed in  article  282.  The  clamping  screw  for  the  X'^est 
should  be  carried  in  a  rotating  fork-shaped  piece,  as  shown  in 
the  figure;  it  can  then  be  put  in  any  position  so  as  to  fEicilitate 
the  handling  of  the  graver  or  bow.  The  bar  on  which  the 
loose  poppet-head,  p,  slides  should  be  perfectly  straight  and 
parallel  to  the  prolongation  of  the  centre  h^.  All  slides  on 
this  bar  should  be  provided  with  a  metal  tongue,  against 
which  the  clamping  screw  presses,  thus  preventing  it  from 
coming  directly  ruto  contact  with  the  bar  itself. 

In  turns  of  the  size  indicated  above  the  centres  will  be 
rather  thick :  this  is  an  advantage  as  it  helps  to  produce 
more  accurate  turning,  possessing  more  soh'dity  and  not 
bending  under  the  clamping  screw,  as  is  frequently  the  case 
with  the  centres  of  the  ordinary  small  finishing  turns.  If 
of  a  fair  thickness  and  well  adjusted,  the  centres  can  be  set 
quite  as  easily,  and  indeed  they  frequently  slide  more  freely 
than  those  of  small  turns.  Moreover  they  have  the  ad- 
vantage of  being  easily  arranged  as  shown  in  figs.  7  and  11 
of  plate  II. 

Having  bought  the  turns,  selecting  if  possible  a  pair  that 
has  one  or  more  extra  poppet-heads,  as  seen  in  figs.  4  and  5 
(although  we  shall  subsequently  explain  the  manner  in  which 
these  can  be  made),  broach  true  the  two  holes  for  the  centres 
(265,  709),  and,  if  necessary,  true  those  for  the  bar,  so 
as  to  secure  a  firm  clamping  over  a  sufficient  sur&ce. 

253.  Ordinary  centres. — At  a,  fig.  ll,  plate  II.,  an  ex- 
cellent form  for  the  end  of  a  centre  is  represented.  The  head 
shown  detached  at  a  is  a  hmall  button  screwed  to  the  centre 
and  prevented  from  rotating  by  a  pin.  Such  an  arrangement 
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has  several  advantages  :  it  is  only  necessary  to  harden  the 
bntton ;  a  number  of  them  can  be  made  to  be  used  as 
reqoired ;  and  if  the  disc  is  made  rather  too  large  at  first, 
reducing  its  diameter  after  the  centre  holes  have  been 
punched  in  their  right  positions,  they  will  be  found  to  be 
truly  round  and  may  be  as  near  to  the  circumference  as  is 
desired. 

On  the  ordinary  system  of  making  this  circle  of  holes  at 
tiie  extremity  of  a  centre,  the  metal  yields  more  towards 
the  edge,  and  thus  the  fine  holes  will  always  be  inclined 
cones. 

Other  holes  are  made  of  sufiScient  depth  with  a  drill  and 
ihen  carefully  chamfered  so  as  to  be  perfectly  conical. 

For  large  or  heavy  work  it  would  be  well  to  have  a 
pair  of  ordinary  solid  centres. 

254.  Censes  for  making  bearing  points:  to  make 

such  a  point. — Generally  the  centre  for  this  purpose  is  a 
round  rod  turned  down  to  half  its  diameter  and  with  a 
projecting  edge  in  which  a  semi-circular  notch  is  cut  as  seen 
at  A,  fig.  5,  plate  III.  Such  a  form  is  bad  ;  the  end  of  the 
rod  operated  upon  will  be  liable  to  jerk  .upwards  while 
lying  in  the  notch,  the  file  will  therefore  jerk  up  also,  and 
the  point  obtained  will  nearly  always  be  imperfectly  rounded. 
It  is  fiur  better  to  make  a  cone-plate  as  described  below. 
Allowing  the  arbor  just  to  pass  through  one  of  the  plate 
holes,  and  placing  the  file  as  shown  at  c  d,  fig.  5,  plate  III., 
after  grinding  it  on  the  edge  c  so  that  it  shall  not  damage 
the  centre,  a  truer  point  can  be  obtained  than  by  the  pre- 
tIoos  method. 

It  should  be  clearly  understood  that  when  a  perfectly 
round  point  is  required  (nine  times  out  of  ten  the  section  is 
an  oval),  the  rolling  is  to  be  concluded  with  an  exceedingly 
fine  file,  then  place  the  point  in  a  hole  of  the  plate  that  will 
not  permit  of  its  shaking,  rotate  with  the  hair  bow  with  the 
greatest  possible  care,  at  the  same  time  turning  a  portion  of 
the  oone  ;  now  set  the  object  rotating  with  this  portion  of 
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with  a  metal  centre ;  when  small,  a  brass,  gon-metal  or  steel 
ferrule  is  employed. 

The  pnllej  rotates  in  the  coned  recess  g  c  d.  The  cone  d 
is  formed  on  the  centre  itself,  which  is  turned  down 
ejlindrical  from  d  to  a,  and  has  a  hole  at  a  to  receive  the 
point  of  the  object  to  be  tnmed. 

The  second  cone  g,  which  slides  on  with  friction,  is  held 
in  position  by  the  screw  h  tapped  on  the  end  of  the  centre, 
and  a  pin  prevents  g  from  rotating. 


< 


Fio.  4. 

The  rest  will  be  easily  understood.  The  centre  is  fitted 
in  one  of  the  poppet-heads,  and  a  small  carrier  or  dog,  of 
which  a  side  view  is  seen  at  /,  fig.  8,  and  a  front  view  at  T, 
fig.  12,  is  fitted  to  the  spindle  that  is  to  be  turned,  and  rota- 
tion is  imparted  to  it  by  a  pin  in  the  loose  pulley  passing 
between  the  arms  of  the  carrier,  this  pulley  itself  being 
caused  to  rotate  by  a  bow  or  wheel. 

Centres  with  loose  pulleys  are  of  great  service,  as  they 
enable  us  to  avoid  the  constant  trouble  of  fitting  ferrules  to 
objects,  and,  if  there  is  little  room,  the  carrier  may  be  as 
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thin  as  possible  ;  but  they  are  of  less  relative  advantage  when 
a  bow  is  used  than  when  employing  a  wheel  which  gives  a 
continnons  motion  in  one  direction,  as  in  the  first  case  there 
is  a  certain  amonnt  of  time  lost  in  reversing  the  motion. 

260.  Arbor-carrier. — The  annexed  figure  4  represents  a 
convenient  form  of  carrier  for  driving  taper  or  other  arbors 
from  snch  a  loose  pnlley.  The  driver,  A  b,  can  be  clamped  in 
any  position  in  a  radial  slot  in  the  pulley,  and  terminates  at 
A  in  a  ring  or  fork,  through  which  the  screw  of  the  carrier 
passes  in  the  manner  indicated.  By  screwing  this  against 
the  edge  of  the  ferrule,  o,  the  ring,  v,  is  drawn  against  its 
face,  so  that  when  the  arbor  is  supported  between  the  runners 
any  motion  of  rotation  of  p  will  be  transmitted  to  the  arbor. 
One  driver  will  serve  for  any  number  of  arbors,  providing 
their  ferrules  are  not  of  less  diameter  than  the  ring  v. 

261.  Smooth  taper  arbors. — The  taper  arbors  ordinarily 
met  with  in  the  trade  are  very  hard,  and  necessarily  so  :  for 
an  arbor  that  was  easily  acted  upon  by  the  file  or  graver 
would  be  of  little  use.  When  a  watchmaker  is  not  pro- 
vided with  an  arbor  of  a  size  required,  he  generally  makes 
one,  but  is  obUged  to  let  it  down  to  a  blue  after-hardening, 
so  as  to  be  able  to  turn  it  perfectly  true  with  the  graver ; 
and  thus  it  is  often  left  too  soft.  By  following  the  directions 
given  below,  he  will  be  enabled  to  make  them  both  hard 
and  true. 

A  quality  of  steel  having  been  selected  that  is  not  liable 
to  much  distortion  with  hardening,  pieces  of  convenient 
dimensions  are  annealed.  Form  the  arbor  in  the  lathe  and 
harden  it,  taking  care  to  adopt  the  precautions  given  in 
the  chapter  on  this  operation  (articles  84 — 7),  in  regard 
to  the  heating,  &c.,  and  immerse  it  vertically  in  a  deep 
vessel  of  water  or  tepid  oil.  Clean  with  pumice-stone  or  by 
other  means,  and  heat  the  arbor  by  rolhng  on  a  hot  body 
nntil  the  points  are  of  a  bright  yellow  colour ;  because  these 
points,  if  left  too  hard,  are  liable  to  be  brittle. 

Place  the  arbor  in  the  turns  and  verify  its  truth ;  if  this 
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is  feirly  good,  smooth  and  polish  the  arbor;  but  if,  on  the 
other  hand,  it  deviates  considerably  from  a  straight  line,  it 
must  be  rejected ;  for,  with  good  steel  and  the  hardening 
careftilly  done,  there  is  never  much  error  to  be  corrected^ 
and  this  can  be  done  with  a  lap. 

262.  Having  set  the  arbor  with  one  of  its  ends  in  the 
lantern  centre,  s,  fig.  18,  plate  IX.,  a  small  lap,  k,  charged 
with  fine  emery,  is  held  against  it  and  caused  to  rotate 
slowly  on  its  own  axis,  while  at  the  same  time  a  sUght  lateral 
motion  is  imparted  to  it.  The  arbor  must  also  rotate. 
Good  results  may  be  obtained  by  using  an  iron  polisher 
resting  on  two  points,  as  at  p,  fig.  12,  plate  IX. 

When  both  points  have  been  thus  adjusted,  place  the 
arbor  between  a  pair  of  runners  of  a  strong  depthing  tool  or, 
preferably,  of  the  tool  shown  in  fig.  18,  plate  VI.,  and 
described  in  article  377,  and  set  a  roller,  c,  fig.  13,  plate 
IX.,  to  rotate  between  the  second  pair  of  runners,  which 
are  loose  in  their  poppet-heads  but  capable  of  a  longitudinal 
traverse,  being  united  by  a  U-shaped  piece  of  metal,  b  df, 
fig.  18,  plate  IV.  Connect  the  two  ferrules  with  the  cone 
pulley  of  the  distributor  (or  use  two  strong  bows)  and  cover 
the  cylinder  with  fine  emery  and  oil ;  then  bring  them  in 
contact  and  set  them  in  rapid  rotation,  constantly  moving 
c  (fig.  13,  plate  IX.)  backwards  and  forwards  as  indicated 
by  the  arrows.  The  operation  must  be  continued  until  the 
arbor  is  found  to  be  perfectly  true. 

It  is  essential  that,  (1)  the  tool  be  solid  ;  (2)  the  points 
are  held  without  play ;  and  (3)  that  the  two  revolving  bodies 
be  brought  very  gradually  together. 

263.  Instead  of  the  cylinder  c,  the  fiat  face  of  a  lap  of 
the  form  b,  fig.  12,  plate  IX.,  may  be  used,  but  it  must  be 
moved  in  the  directions  indicated  by  the  arrows  and,  at  the 
same  time,  made  to  rotate  on  its  own  axis ;  this  rotation 
being  effected  by  a  cord  passing  to  the  distributor  by  which 
the  arbor  itself  is  caused  to  revolve. 

Observatian.^The  arbor  produced  in  the  manner  here 
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indicated  will,  of  course,  be  cylindrical,  whereas  those 
oidinarily  employed  are  slightly  conical.  But  with  the  ex- 
planations already  given  every  watchmaker  wiU  be  able  to 
arrange  an  appliance  that  is  adapted  to  maintain  the  conical 
form.  For  example,  the  following  may  be  given  as  a  simple 
means  of  doing  so : — Make  several  runners  of  the  form  A 
(fig.  13^  plate  IX.)  that  are  alike  with  the  exception  that  the 
holes  in  their  ends  are  excentric  to  varying  degrees,  as  shown 
at  tty  e,  t.  With  such  an  assortment  it  will  always  be  possible 
to  ensure  that  the  sides  of  the  cylinder  and  arbor  are  parallel, 
and,  therefore^  in  contact  throughout  their  length.  The 
exoentiic  runner  must  only  be  used  on  the  side  of  the  tool 
to  which  no  end  movement  is  given. 

264.  To  temporarily  lengthen  the  bed  of  a  lathe.— 

If  an  ordinary  pair  of  turns  is  found  to  be  too  short  to  take 
a  given  piece  of  metal,  it  may  sometimes  be  temporarily 
adapted  to  take  in  the  increased  length  by  means  of  two 
oentres  that  each  carry  a  projecting  angular  piece  (c  and  dy 
fig.  8,  plate  XIII.).  An  examination  of  this  drawing  will  show 
that,  in  an  ordinary  pair  of  turns,  if  the  poppet-head  p  be 
at  the  end  of  the  lathe-bed,  no  greater  length  than  /  g  can 
be  turned ;  but,  with  the  centres  here  described,  at  least  the 
lei^th  h  j  can  be  operated  upon. 

TURNS   WITH    LATHE-HEAD. 

265.  To  make  the  poppet-heads. — It  is  the  best  plan 

to  purchase  turns  that  are  already  provided  with  the  head- 
stocks  and  other  attachments  shown  in  figs.  4  and  5  of  plate 
II.,  such  for  example  as  the  Boley  lathe  described  in  pars. 
282 — 3;  but  as  a  rule  these  accessories  are  not  met  with 
in  the  common  modem  turns  ;  they  only  exist  on  lathes  of 
rather  large  dimensions  and  are  heavily  made.  Thus  many 
practical  men  will  doubtless  for  some  time  to  come  be  under 
the  necessity  of  themselves  making  these  additions  and  of 
adjusting  them  on  an  ordinary  pair  of  turns.  In  such  a 
case  either  of  the  following  plans  may  be  adopted : — 
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First  method. — Make  a  pattern  in  wood  (a  well-selected 
piece  of  pear-wood  is  as  good  as  any  for  this  purpose),  and 
in  forming  the  hole  for  the  bar,  it  should  be  made  rather 
smaller  than  will  be  required,  increasing  the  height  by  the 
space  requisite  for  the  tongue  ;  send  this  pattern  to  the 
brass-founder,  who  should  employ  a  rather  soft  brass  that 
can  be  somewhat  hardened  under  the  hammer.  Dress  up 
as  well  as  possible  the  four  internal  faces  of  the  hole  for  the 
bar,  and,  in  order  that  they  may  be  flat,  pass  a  file  back- 
wards and  forwards  on  each  face.  Then,  fixing  this  file 
by  its  extremities,  work  the  poppet-head  along  it  with  the 
several  faces  in  turn  resting  on  the  file.  The  pradel  referred 
to  in  article  225  can  be  adapted  for  the  purpose. 

The  most  important  adjustment  is  that  of  the  two 
faces  that  slide  against  the  sides  of  the  bar,  and  if  ihej 
are  found  not  to  be  parallel,  hammer  carefully  the  sides 
the  poppet-head  at  the  parts  where  the  hole  is  too  large. 
By  such  means  the  adjustment  of  these  faces  can  be  made 
with  sufficient  accuracy  without  much  trouble.  The 
correcting  of  the  hole  in  regard  to  height  is  easy,  for  a  few 
strokes  of  the  file  in  excess  can  be  made  up  for  by  using  a 
tongue  of  somewhat  increased  thickness. 

When  the  hole  is  accurately  fitted,  and  the  screw  and 
tongue  in  position,  the  poppet-head  is  placed  on  the  bar  of  the 
lathe  after  displacing  ji?  (fig.  6,  plate  II.).    A  centre  carrying 
a  short,  carefiiUy-centred  drill  is  substituted  for  ^,  and, 
after  marking  the  new  poppet,  it  is  drilled  to  a  considerable 
depth,  that  is  to  say  about  half  way  through  ;  after  this  it 
may  be  reversed  and  a  fresh  hole  drilled  to  meet  that  first 
made  ;  a  broach  is  passed  through  the  hole  thus  made,  and 
after  it  has  been  removed,  the  hole  is  finally  enlarged  by 
means  of  a  specially-formed  runner  that  accurately  fits  the 
headstock,  p^.    It  is  formed  at  the  end  into  a  semi-circular 
drill,  h  D  (fig.  2,  plate  V.),  which  both  increases  and  smootlur 
the  hole,  being  driven  by  a  pulley  fitted  on  to  its  free  end 
inst  the  point  of  which  a  piece  of  wood  is  pressed.     If 
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I3ie0e  instractions  are  exactly  followed  we  may  be  certain  of 
•ensuring  that  the  hole  in  the  new  poppet-head  will  aecnratelj 
-coincide  with  the  axis  of  the  lathe.  (See  also  709.)  A 
idmilar  method  may  be  adopted  when  it  is  desired  to  form 
a  conical  hole  with  a  tapered  drill 

266.  Second  method.  —  If  a  watchmaker  cannot  con- 
Teniently  obtain  the  rough  brass  casting  he  must  prepare 
two  strong  plates  of  good  brass,  c,  c  (fig.  8,  plate  III.), 
aocnrately  planed  on  their  surfaces,  and  another  piece,  hy  of 
Tectangnlar  section,  the  two  &ces  of  which  are  parallel  and 
the  thickness  the  same  as  that  of  the  bar  of  the  lathe  ;  then 
ibrm  the  lower  part  of  the  poppet-head  like  a  tenon  of  the 
thickness  of  the  bar.  Having  set  the  several  parts  in  posi- 
tion^ as  shown  in  the  figure,  drill  two  or  more  holes  according 
to  the  size,  in  which  solid  iron  or  steel  bolts  are  fitted. 
Placing  the  poppet-head  on  the  bar  of  the  lathe,  the  tongue 
and  the  piece,  ^,  are  fitted  into  their  places,  and,  while  so 
citnated,  the  holes  through  ch(^  can  be  adjusted  so  as  to 
ftevent  all  shake,  after  which  iron  or  steel  bolts  are  fitted, 
as  in  the  upper  joint. 

Bemoving  the  head  from  the  lathe  these  bolts  are  filed 
ahnost  flat  with  the  surface  and  riveted.  Afterwards  it  will 
probably  be  needful  to  pass  the  file  through  in  order  to 
allow  the  bar  to  enter. 

The  rivets  should  fit  firmly,  but  without  the  application 
of  much  force ;  as  otherwise  there  would  be  a  danger  of 
altering  the  form  of  the  hole.  To  secure  an  equal  degree 
of  rigidity  the  poppet-head  made  in  this  manner  should  be 
aomewhat  heavier  than  when  cast.  The  upper  portion  will 
be  finished  as  explained  in  par.  265. 

HOLLOW  MANDRIL,  PERFORATED  TO  RECEIVE 

CHUCKS,  &c. 

267.  A  serious  difficulty  is  often  experienced  by  practical 
men  when  they  attempt  to  perforate  longitudinally  Uie  arbor 
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of  a  headstock ;  that  is,  in  preparing  it  to  receive  the  chucks. 
Whether  we  drill  by  the  lathe  or  by  hand,  it  is  difficult 
when  going  to  any  considerable  depth  to  obtain  a  tube  that 
is  exactly  round  and  true  internally.  The  difficulty  can  be 
overcome  as  follows,  it  being  observed  that  the  steel  spindle 
must  first  be  very  carefully  annealed  (76 — 8) : — 

First  meiJiod. — Rough  out  the  arbor^  leaving  it  of  a 
greater  diameter  than  it  is  finally  required  to  be,  and, 
having  adapted  a  ferrule  to  it,  set  it  up  in  the  lathe  (fig.  5, 
plate  II.),  supporting  its  nose  in  a  hole  of  the  cone-plate 
(fig.  4),  which  must  be  set  accurately  in  the  axis  of  the  lathe. 
Put  the  poppet-head,  p,  fig.  6,  in  position,  and  replace  ita 
centre  by  one  of  special  constniction  for  holding  drills, 
taking  care  that  the  drill  employed  is  smaller  than  the  hole 
is  finally  required  to  be.  Drill  the  hole,  examining  it  from 
time  to  time  in  order  to  make  sure  that  no  hard  button 
is  forming  at  the  bottom.  In  case  one  does  so  form»  it 
must  be  removed  by  means  of  a  rod  that  is  rounded  at 
one  end,  cut  like  a  file  and  hardened  (see  article  340) ;  the 
drilling  is  then  renewed.  If  the  button  again  forms,  it  is  again 
removed,  and  the  arbor  is  taken  from  the  support  and  held 
by  hand  against  a  rotating  drill.  When  the  required  depth 
has  been  attained,  the  hole  is  enlarged  while  holding  the 
arbor  in  the  hand  against  a  semi-cylindrical  drill  in  a  lathe. 
The  tube  is  then  smoothed  with  a  broach  which  enters 
without  play  to  the  bottom,  its  point  being  first  broken  off 
and  the  end  sharpened  to  a  very  obtuse-angled  chamfer. 
Proceed  in  the  same  manner,  gradually  breaking  more  and 
more  off  until  the  tube  has  the  required  diameter,  and  is 
sufficiently  smooth. 

Now  take  a  taper  arbor  that  runs  very  true,  and  adjust 
this  in  the  hole  as  far  as  possible.  It  should  have  a  good 
hold  throughout,  but  more  especially  at  the  top  and  bottom. 
If  the  drilling  has  been  true,  that  is  to  say  in  the  direction 
of  the  point  on  which  the  now  arbor  turns,  the  taper  arbor 
adjusted  in  the  hole  as  well  as  its  ferrule  will  all  turn  true. 
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If  gach  is  not  the  case,  the  point  at  n  (fig.  5)  of  the  per- 
fiorated  arbor  mnst  be  re-made  nntil  the  desired  object  is 
attained.  Then  give  the  final  form  to  the  point  n,  and  to 
the  neck  that  is  tnmed  near  this  point  and  round  the 
tabe  ff. 

268.  Second  method. — ^Take  a  piece  of  ronnd  steel  of  a 
diameter  greater  than  the  arbor  is  required  to  haye,  and  a 
third  or  half  as  long  again  as  the  perforated  portion.  Drill 
through  its  entire  length,  commencing  at  either  end  and 
meeting  in  the  middle.  Broach  the  hole  out  true,  and  turn 
the  steel  so  that  its  external  surface  is  concentric  with  this 
hole  and  its  extremities  ^quite  flat. 

Now  take  a  second  piece  of  steel  and  turn  it  true,  forming 
at  one  end  a  large  pivot  of  such  a  diameter  that  it  will  just 
not  pass  into  the  smaller  end  of  the  tube  already  made,  and 
about  a  quarter  of  its  length. 

Heat  the  tube  ahnost  to  redness  and,  placing  it  upright 
on  the  anvQ  with  the  end  at  which  the  broach  entered 
downwards,  drive  the  pivot  (after  removing  its  point)  into 
the  SQialler  end  of  the  tube ;  this  second  piece  of  steel  of 
coDiBe  not  having  been  heated.  When  the  whole  is  cool,  the 
miioin  will  be  such  that  the  two  pieces  (as  c  and  h  of  fig.  5, 
plate  U.)  are  as  firm  as  if  made  of  a  single  piece  of  steel, 
providing  the  diameter  of  the  pivot  has  been  sufGiciently 
great. 

The  cannon  portion  ought  to  be  rather  thick,  and  should 
not  be  raised  to  a  too  high  temperature  on  account  of  the 
risk  of  distortion  in  driving  the  pivot  into  its  place. 

When  the  arbor  has  progressed  thus  far,  it  may  be 
completed  in  the  manner  explained  under  the  first  method. 

FORM    OF  BEARING    POINTS  AND   SHOULDERS. 

269.  When  the  nose  of  the  arbor  is  cylindrical,  a  good 
form  to  adopt  for  the  bearing  shoulder  is  that  shown  at  a, 
fig.  4,  plate  III.    Some  prefer  to  make  the  portion  a  c 
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conical,  bat  then,  in  order  to  prevent  the  cone  from  jambing 
in  the  headstock,  it  is  essential  that  the  portion  a  be  so 
cnrved  as  to  answer  the  purpose  of  a  shoulder.  A  few  triab, 
applying  pressure  lengthwise  at  the  point  b,  will  enable  a 
workman  to  decide  on  the  most  convenient  form  of  bearing 
so  that  the  arbor  shall  turn  without  play  and  yet  freely— in 
other  words,  with  the  least  possible  resistance  and  without 
rapid  wear. 

The  best  form  of  point  and  of  hole  to  receive  it  are 
indicated  at  b  of  the  same  figure.  They  have  been  deter- 
mined experimentally,  and  it  is  asserted  thac  they  will 
maintain  the  oil  on  the  rubbing  surfaces  for  the  greatest 
possible  length  of  time. 

CHUCKS -THEIR   ADJUSTMENT* 

270.  In  fig.  4,  plate  III.,  at  t  is  represented  one  of  the 
most  commonly  used  chucks  for  turning  pieces  that  can  te 
fixed  by  means  of  shellac  or  sealing  wax  on  a  flat  snrftce* 
They  are  also  sometimes  made  with  two  or  three  screws  on 
the  plate,  by  which  a  circular  cutter,  wheel,  index,  &c.,  can 
be  conveniently  centred.    Others  again  do  not  carry  a  jiat^ 
but  are  terminated  with  a  truncated  cone  (indicated  V>] 
dotted  lines  in  the  figure)  in  the  axis  of  which  a  hole  ^ 
drilled  and  tapped.    A  series  of  such  chucks  will  constitu^ 
an  efficient  substitute  for  the  screw-head  tool ;  for  when 
screw  is  screwed  into  the  chuck,  one  can  turn  it,  duninisE^ 
smooth  and  polish  its  head,  &c.    And  two  other  kinds  ma^ 
be  made  ;  a  series  for  taking  drills  and  a  series  provided 
with  a  plate  and  projecting  screw  on  which  is  a  nut  witP 
cone-piece,  to  be  used  in  place  of  the  common  screw  arbon^ 
indicated  in  fig.  4  ;  of  course,  if  the  lathe  is  driven  by  tha^ 
right  hand,  the  thread  will  require  to  be  left-handed. 

If  a  chuck  is  removed  from  the  lathe  and  then  replaced! 
it  is  nearly  always  found  that  the  object  attached  to  it  iJ 
filightly  out  of  truth.     Such  irregularities  can  be  nearly 
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if  not  quite,  avoided  by  observing  the  following  precau- 
tions:— 

(1.)  The  shank  that  passes  into  the  arbor  must  be  long 
enough. 

(2.)  A  guide  pin  is  let  into  the  nose  of  the  arbor  so  that 
the  chuck  always  occupies  the  same  position. 

(8.)  The  shoulder  of  the  chuck  fits  exactly  against  the 
end  of  the  arbor. 

(4.)  And  lastly,  a  condition  that  is  very  essential,  the 
shank  must  only  fit  closely  at  the  shoulder  through  a  length 
of  one  or  two  millimetres  (^  inch),  and  throughout  the  rest 
of  its  length,  especially  where  it  is  clamped,  it  should  fit  easily 
bat  without  play. 

Objects  that  can  be  finished  without  removal  from  the 
wax  chuck  should,  if  possible,  be  turned  in  a  lathe  in  which 
the  front  bearing  of  the  headstock  is  divided,  so  as  to  allow 
of  the  mandril,  with  the  chuck  still  attached,  being  removed 
fhnn  its  seat :  it  can  be  then  again  restored  to  exactly  the 
same  position.  This  cannot  be  done  when  the  chuck  alone 
is  removed  and  replaced.  A  variation  in  its  position  will 
often  be  occasioned,  owing  to  a  greater  or  less  degree  of 
pressure  being  applied,  or  to  particles  of  dirt  getting  between 
it  and  the  shoulder,  &c.  Such  an  inconvenience  is  especially 
noticeable  when  using  screw-on  chucks ;  and  it  is  always 
necessary,  if  accurate  workmanship  is  looked  for,  to  pass  the 
graver  over  the  wax  face  each  time  it  is  replaced  on  the 
mandril  nose.    (See  article  46L) 

Chucks  with  conical  tails,  when  the  precautions  indicated 
above  are  observed,  are  more  exact  than  those  with  a 
ffcrew. 

ON    DRIVING   WITH    A   FLY-WHEEU 

271.  The  lathe  fitted  with  the  various  accessories  above 
described  can  be  driven,  if  desired,  by  a  bow ;  but  with  both 
this  lathe  and  the  several  kinds  subsequently  considered, 
there  is  generally  a  marked  advantage  in  replacing  the  bow 


182  THE  watchmakers'  HAITD-BOOK. 

by  a  fly-wheel ;  and  this  advantage  is  so  obvionB  that  it 
becomes  a  matter  of  surprise  why  watchmakers  have  not 
long  ago  recognized  the  benefit  engineers  derive  from  its 
use.  While  these  latter  are  careful  to  profit  by  every  advance 
that  is  made,  the  former  as  a  rule  still  adhere  to  their  ancient 
bow,  which,  for  a  vast  number  of  operations,  involves  a  great 
amount  of  labour  with  no  counteracting  advantage.  For 
example,  to  turn  a  barrel  arbor  out  of  solid  steel  will  occupy 
a  man  for  a  whole  day  on  the  old  system^  whereas^.if  pro- 
vided with  a  lathe  driven  by  the  foot^  he  can  make  it  in 
about  two  hours. 

The  objections  raised  to  the  latter  are  : — 

Increased  cost ;  greater  amount  of  space  required ;  and 
the  hand  is  said  not  to  possess  the  same  deUcacy  of  tench* 

The  first  objection  cannot  be  entertained  when  we 
remember  how  great  an  economy  of  time  is  effected. 

The  second  is  of  no  moment^  as  will  be  gathered  from  the 
following  account  of  the  various  arrangements  of  fly-wheel 
that  can  be  adopted. 

The  third  is  also  unfounded  for  the  great  majority  of 
cases ;  but  we  do  make  certain  exceptions.  For  a  period  of 
four  years  we  worked  side  by  side  with  a  Swiss  workman 
engaged  in  planting  escapements,  who  turned  and  pofiBhed 
his  pivots  in  a  lathe  driven  by  a  foot-wheel,  and  it  cannot 
be  said  that  he  had  more  accidents  than  the  other  workmen. 

It  is  merely  a  question  of  practice,  and  skill  in  its  use  is 
less  difficult  to  acquire  than  that  of  the  bow. 

We  strongly  recommend  every  watchmaker  to  arrange  a 
large  size  foot-wheel  if  possible,  but,  if  the  arrangement  of 
his  bench  renders  this  impossible,  he  should  at  least  provide 
himself  with  a  hand-wheel ;  it  cannot  fail  to  prove  of  the 
greatest  service  to  him. 

272.  Hand  turning-wheel. — ^This  may  be  fixed  either 
on  the  bench  or  below  it. 

Fig.  6,  plate  III.,  representing  a  hand-wheel  carried  by 
a  bracket  fixed  to  the  bench,  hardly  requires  explanation. 
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It  vOt  be  seen  that  the  axis  of  the  fly-wheel  rotates  in  a 
llid^  ^  which  can  be  moved  backwards  or  forwards  bo  as  to 
secnre  the  requisite  teneion  ia  the  cord ;  and  the  entire 
arrangemeot  can  be  tomad  back   to  occupy   the  position 
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indicated  bj  dotted  lines,  and  thus  leave  the  &ont  portion 
of  the  bendi  free  when  the  wheel  is  not  in  use. 

Such  an  arrangement  is  useful  for  rotating  a  cntter,  slitting 
screw-heads,  &c.,  bat,  for  taming  with  a  graver,  the  whed 
Bcpported  on  the  bench  is  leas  convenient  than  one  under 
the  bench  in  ib&  position  indicated  at  n  a,  fig.  7,  plate  III., 
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for  it  necessitates  the  left  arm  being  constantly  held  np  in 
the  air.  The  wheel  may  be  carried  by  an  arm  screwed  to 
the  front  of  the  bench  and  projecting  downwards^  or  by  a 
similar  arm  made  to  clamp  in  the  vice  together  with  the 
lathe.  Both  these  systems  are  shown  in  the  accompanying 
figure  5^  which  represents  hand  turning-wheels  as  made 
by  Boley,  and  is  so  clear  that  it  does  not  require  any 
explanation. 

By  taking  note  of  the  details  we  have  givei;  4ny  watch- 
maker will  be  able,  if  he  requires  it^  to  adl^  i  wheel  to 
a  slide  beneath  the  bench  and  to  detenhihe  the  most  con- 
venient position  in  order  that,  while  the  righi  hand  holds 
the  graver^  and  the  glass  is  in  the  eye^  tti<S  left  hand  niajr 
find  the  wheel  accessible. 

Such  a  system  has  been  in  nse  for  a  long  itme  (^ronghout 
the  watch  manu&ctories  of  Saxony,  and  M.  urd^smann, 
referring  to  it,  writes  as  follows :  "  At  each  be&cd  t  Jbund 
a  small  hand-Wheel  "labout  9  inches  in  diameter  flied  ai  ipich 
a  position  in  regard  to  the  vice  (the  centre  of  the  ^eel 
about  16  inches  below  the  lathe)  that  it  coula  be  GIteily 
invkn  by  tiie  left  hand. " 

Lalth^  dre  sometimes  made  in  which  the  wheel  is  dkiried 
on  a  bfdbk^  6xed  to  the  bar  of  the  lathe  in  Boihe  such 
mann&r  AS  th&t  indicated  by  dotted  lines  Skiisvxg^Sgt, 
plate  111.,  (^  this  bracket  may  form  a  pKrfc  of  the  loose 
headstocK.  This  headstock  and  the  wheel  ma^  then  be 
removed  and  replaced  as  required.  If  there  is  ^  danger  of 
the  weight  of  the  wheel  causing  a  vibration  of  fie  lathe,  it 
must  be  supported  by  a  long  screw  in  the  bench,  or  by  a 
prop,  as  shown  at  s,  fig.  6. 

It  should  be  observed  that  such  an  arrangement  demands 
a  certain  lightness  of  construction,  and  it  is  a  good  plan  tot 
add  a  screw  for  advancing  the  fly-wheel  along  its  slot,  t,  so 
as  to  avoid  a  jerk  when  adjusting  the  tension  of  the  cord. 

273.  Of  course  it  will  be  understood  that,  in  delicate 
work,  the  cord  must  be  very  lightly  stretched ;  thus,  in  the 
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of  thin  objects,  its  mere  rolling  over  the  ferrule  without 
any  tme  driving,  the  tension  being  almost  nothing,  will 
often  suffice  to  give  all  the  impulse  that  is  required. 

In  conclusion,  it  maj  be  pointed  out  that,  before  comiug 
to  a  decision,  the  watchmaker  should  try  the  wheel  placed 
both  above  and  below  his  bench.  Neither  the  diameter  of 
the  wheel  nor  of  the  path  described  by  its  handle  is  a  matter 
of  indifference;  the  whole  should  be  well  adapted  to  the 
hand  of  the  workman.  Remember  that  dexterity,  facility, 
and  lightness  of  touch  vary  with  the  individual,  and  that, 
whereas  one  man  finds  he  can  work  better  with  the  elbow  of 
his  arm  that  drives  the  wheel  resting  on  the  bench  or  on 
some  projection  from  it,  another  will  prefer  to  hold  the 
entire  arm  in  the  air. 

The  wheel  must  be  so  arranged  that  the  body  and  the 
arm  are  not  only  not  constrained  but  are  firmly  supported ; 
the  action  of  the  graver  will  then  be  thoroughly  safe.  When 
the  wheel  is  placed  below  the  bench,  the  handle  is  sometimes 
replaced  by  a  small  treadle,  on  which  the  lefi^  hand  presses 
to  communicate  the  impulse  to  the  wheel,  while  the  right, 
fimily  resting  on  the  bench,  holds  the  graver. 

Many  of  the  above  directions  are  equally  applicable  when 
the  foot-wheel  is  used. 

274.  Foot-wheel  with  treadle. — One  form  of  this  is 

shown  in  fig.  7,  plate  III. 

Before  proceeding  &rther,  and  in  order  to  make  the 
remark  once  and  for  all,  we  would  point  out  that  most 
of  the  appliances  described  have  been  selected  with  the 
view  to  affording  the  watchmaker  the  most  economical 
arrangements,  as  well  as  designs  that  can  be  easily  fitted  up 
at  a  distance  from  manufacturing  centres ;  we  shall  give 
specimens  such  as  any  one  can,  without  difficulty,  make  and 
modify  according  to  his  requirements  or  his  taste. 

The  large  driving-wheel,  E,  fig.  7,  plate  III.,  is  usually 
set  in  a  plane  at  right  angles  to  the  wall  against  which  the 
b«[ich  is  fixed ;  that  is  to  say,  in  the  position  indicated  at 
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q  m.  This  is  very  convenient  in  working,  becaose  the  knee 
of  the  leg  that  treadles  can  be  brought  against  the  wheel  at 
any  moment  and  so  arrest  its  motion  instantly. 

When  there  is  insufficient  space  the  wheel  may  be  in  a 
plane  parallel  to  the  wall,  and  the  cord  will  then  have  to 
pass  under  a  guide  pulley,  c,  fixed  to  the  under  side  of  the 
bench  £.  By  this  means  the  motion  of  the  distributing  axis 
/^  is  the  same  as  it  would  be  if  the  wheel  were  at  q  m.  It 
is  needless  to  add  that,  when  the  wheel  is  in  this  latter 
position,  the  pulley  /  must  be  fixed  to  the  arbor  at  a  point 
just  above  the  wheel ;  that  is  to  say,  to  the  right  of  d. 

The  wheel  may  be  simply  carried  by  a  strong  bolt  fixed  in 
one  of  the  uprights  of  the  bench. 

For  work  that  does  not  require  the  appUcation  of  mnch 
force,  the  weight  of  the  wheel  should  be  moderate  ;  but  for 
driving  a  lathe  that  is  intended,  say,  for  clockwork,  a  certain 
amount  of  inertia  is  essential.  In  that  case,  a  cast-iron 
wheel  should  be  used  similar  to  those  often  kept  by  iron- 
mongers. 

275.  The  foot-wheel  may  be  poised  so  that  it  rests  in 
any  position  on  its  axis,  in  which  case  it  will  in  general 
require  to  be  started  by  hand ;  but  some  attach  a  weight  to 
it  in  such  a  position  that,  when  at  rest,  the  wheel  is  as  &r 
as  passible  from  the  dead  centre.  When  this  plan  is  adopted 
the  wheel  can  in  all  cases  be  set  in  motion  by  the  mere 
application  of  the  foot  to  the  treadle. 

The  treadle  represented  in  fig.  7  is  a  board,  to  the  front 
of  which  are  fixed  two  pins  forming  pivots  that  work  in  two 
cubes  fixed  to  the  floor.  A  strong  hinge  is  sometimes  used, 
and  other  arrangements  will  suggest  themselves.  (See  also 
%  C^  page  188.) 

276.  Arrangement  of  the  distributor  or  guide 

pulleys. — ^The  axis  of  the  distributor,  f  d,  fig.  7,  plate  III., 
must  not  be  too  thin,  as  it  would  then  be  liable  to  vibrate  ; 
nor  should  it  be  too  thick,  as  in  such  a  case  there  would  be 
a  useless  resistance  opposing  motion.    It  will  be  found  con- 
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venicnt  to  make  the  triple  pulley  d  of  snch  a  diameter  that, 
by  placing  the  hand  against  it,  the  motion  of  the  axis  can 
be  instantly  arrested.  When  this  is  done  the  large  wheel  R 
will  continue  its  rotation  for  an  instant  in  virtne  of  the 
momentum  acquired,  but  the  cord  will  slip  over  the  pulley 
f,  without  being  allowed  to  (Moaefd  to  revolve. 

The  uprights  a  and  b  that  support  the  axis  are  usually 
made  of  metal ;  but  if  they  are  not  very  thick  or  set  side- 
ways with  the  greatest  dimension  in  the  plane  ot/d,  their 
elasticity  is  very  inconvenient. 

The  arrangement  shown  in  fig.  7  is  simple  and  economical^ 
and  it  has  been  successfully  adopted  in  practice.  On  the 
board  E  two  wooden  cones  a  and  b,  perforated  throughout 
their  length,  are  fixed  by  means  of  long  bolts  screwed  under 
the  bench  hj  two  strong  nuts.  In  the  head  of  one  bolt  is 
fitted  a  centoe  to  take  one  end  of  the  oi'bor,  and  the  other 
end  is  carried  in  the  extremity  of  a  screw  with  locking  nut 
that  is  screwed  into  the  head  of  the  other  bolt. 

As  the  wood  is  thus  set  upright  and  very  firmly  fixed,  it 
wiU  poasev  no  elasticity^  and  the  system  is  firm  and  solid. 

277«  A  good  finrn  of  distributor,  made  by  Boley,  may 
now  be  seen  in  many  of  the  tool-shops :  in  conjunction  with 
the  fly-whed  that  accompanies  it,  it  affords  a  very  convenient 
source  of  power  for  watchmakers.  Both  are  shown  on 
a  small  scale  in  figure  C  on  page  188,  representing  a 
work-beaohy  half  of  which  is  cut  away  in  order  to  make 
the  complete  arrangement  evident.  The  axis  of  the  dis- 
tributor, carrying  two  eonc-puUeys,  is  supported  in  a  (J- 
shaped  fkame  that  is  capable  of  moving  about  an  axis 
parallel  to  that  of  the  pulleys,  and  can  be  clamped  by  a  nut 
in  any  position.  The  bed  tliat  carries  this  frame  is  fixed  to 
a  vertical  pillar  which  can  rotate  or  move  xip  and  down,  and 
is  fixed  in  position  by  u  clanip.  The  foot-whcul  differs 
from  those  already  descri))ed  in  having  only  a  single  cord 
to  the  treadle.  This  cord  passes  round  a  barrel  containing 
a  clock  mainspring  and  provided  with  a  click  that  engages 
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with  a  ratchet  on  the  fly-wheel  axis.    On  depressing  the 


Pio.  e. 
treadle,  the  spring  is  wonnd  np,  an  impulse  being  at  the 


GUIDE  ASD  TENSION-PULLEYS.  189 

nine  time  given  to  the  flj-wheel :  the  nncoiling  of  the  spring 
aeiTes  to  raise  the  foot.  It  will  be  gathered  from  the  above 
brief  aocoont  of  the  distributor  that  the  tension  of  either 
band  can  be  modified  as  desired,  and,  by  turning  the  spindle 
round  the  vertical  axis,  a  band  may  be  led  to  a  lathe  or  other 
UhA  not  directly  opposite  to  the  distributor. 

THE   CORD   AND   TENSION-PULLEY. 

278.  The  cord  which  transmits  motion  from  the  fly- 
wheel to  the  pulley  of  the  distributor  is  always  at  the  same 
taHum ;  its  length  may  then  be  adjusted  from  the  first  so 
as  to  communicate  the  motion  efficiently.  But  such  is  not 
the  case  wiA  the  cord  that  passes  from  the  pulley  d,  fig.  7, 
to  the  h&e.  This  latter  must  be  tight  or  slack  according 
to  the  dim^isionSy  &c.,  of  the  work  in  hand ;  moreover,  if 
thefimdeis  not  fixed  concentric  with  the  object  that  is 
being  tamed,  or  if  the  pulley  d  is  not  true  on  its  axis,  the 
ooid  will  be  liable  to  hold  and  to  slip  alternately. 

This  inconvenience  can  be  avoided,  and  the  tension  of  the 
ooid  maintained  constant  and  sufficient  by  using  the  tension- 
poOey. 

It  is  made  in  various  forms  ;  that  shown  in  fig.  1,  plate 
ILL,  win  give  a  clear  idea  of  the  principle  and  mode  of 
action,  and  other  devices  answering  the  same  purpose  will 
Boggest  themselves. 

Close  to  the  distributor  or  somewhere  in  the  direction  of 
its  axis,  as  indicated  in  fig.  1,  a  lever  with  two  arms  is 
centred  on  pivots.  Its  bent  arm  c  serves  as  an  axis  for  a 
small  pulley,y,  very  light  and  turning  freely  ;  the  other  arm 
d  carries  a  heavy  mass  that  will  slide  along  d,  being  held  by 
fiiction  in  any  position. 

The  mode  of  action  will  be  obvious ;  the  cord  from  the 
•distributor  m,  to  the  lathe,  n,  passes  over  the  pulley  shown 
at  c  and  /,  and  this  pulley  under  the  influence  of  the  weight 
^,  wQl  ^itretch  the  cord  and  always  maintain  it  at  the  same 
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d^ee  of  tendon^  which  can  be  adjusted  as  required  by 
varying  the  force,  in  other  words  by  bringing  Uie  weight  d 
towards  or  from  the  centre  of  motion  of  the  leyer.  Slight 
irregularities  due  to  the  excentricity  of  the  ferrule  n  in  the 
lathe  or  of  the  pulley  m  of  the  distributor  will  then  produce 
no  ill  effect.  The  tension  of  the  cord,  moreover,  can  always 
be  adjusted  so  that  it  is  proportional  to  the  delicacy  of  the 
work, 

279.  In  lathes  of  large  size,  the  cord  is  frequently  passed 
quite  round  the  tension-pulley,  by  which  the  influence  of 
this  latter  on  the  force  exerted  is  increased ;  in  the  ordinary 
arrangement  of  the  cord  it  is  necessary  to  take  note  of  the 
direction  in  which  the  cord  is  travelling. 

If  it  is  from  n  towards  m,  fig.  1,  plate  III.,  the  action  of  the 
cord  is  found  to  be  more  marked  than  when  it  travels  in  the 
opposite  direction.  In  the  former  case  with  a  suddenly  in- 
creased resistance  the  friction-pulley  would  give  way  a  little. 
The  watchmaker  must  decide  for  himself  whether  the  upper 
or  lower  cord  shaQ  be  stretched  ;  or  if  it  is  worth  while  to 
cross  the  cord,  as  shown  in  fig.  1,  either  with  a  view  to 
change  the  direction  of  motion  or  to  secure  a  greater  amount 
of  adhesion  of  the  cord  on  the  pulley. 

280.  Joining  catgut  bands.— InMelicate^ turning  with 
the  hand  or  foot-wheel  it  is  important  that  no  jerk  should 
be  communicated  to  the  work  when  the  joint  in  the  band 
passes  over  the  ferrule  or  the  pulley  of  the  mandril ;  such  a 
jerk  can  only  be  avoided  by  a  carefully-made  joint.  Several 
methods  are  adopted  ;  for  bands  of  large  and  medium  size  it 
is  best  to  use  the  steel  hook  and  eye  screwed  on  to  the  ends 
of  the  band,  these  ends  being  first  tapered  with  a  knife  and 
their  ends  burnt  with  a  hot  wire  to  cause  an  expansion  that 
will  prevent  their  drawing  away  from  the  screw.  But  such 
attachments  cannot  be  used  with  bands  under  1-1 6th  inch 
in  diameter,  and  one  of  the  following  methods  must,  there- 
fore, be  resorted  to. 

(1.)  The  most  expeditious  is  a  simple  knot^  and  the 
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weaver's  knot  is  by  £Eur  the  best,  as  it  permits  of  the  ends 
being  cnt  off  dose,  and  stands  ont  to  nearly  the  same 
diBtanoe  all  ronnd  the  cord.  A  carefdl  inspection  of  the 
annexed  fignre  7  will  enable  any  watchmaker  to  make  it ;  he 
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need  only  observe  that  the  lower  portion,  representing  the 
length  of  lathe-bandy  must  be  somewhat  less  than  is  nlti- 
mafcdy  required,  and  the  knot  is  to  be  tightened  by  drawing 
tlie  two  free  ends,  while  the  first  point  at  which  the  cord 
crosses  is  held  between  the  thnmb  and  first  finger.  The 
ends  mnst  be  cut  off  nearly  to  the  knot,  then  gently  singed 
to  cause  their  expansion,  and  the  knot  rolled  between  the 
finger  and  thnmb  in  a  little  beeswax. 

(2.)  The  ends  may  often  be  spliced  together,  and,  although 
liliis  occupies  more  time,  it  has  the  advantage  of  producing 
a  gradual  increase  and  decrease  in  thickness,  so  that  aQ  jerk 
is  reduced  to  a  minimum.  The  following  method  is  given 
by  HoltzapffeL  Having  stretched  the  band,  measure  off  a 
length  greater  than  is  required  for  the  lathe,  and  make 
transverse  holes  through  the  catgut  at  two  points  rather 
nearer  together  than  the  measure  of  the  lathe  (to  aUow  for 
further  stretching).  Pass  each  end  through  the  hole  in  the 
other  and  draw  tight ;  pierce  two  more  holes  at  right  angles 
to  the  first  and  just  above^them,  again  passing  the  ends 
through  from  opposite  sides  of  the  band.    Unravel  the  free 
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^nds^  cut  away  aboat  one-fonrtli  of  their  sabstance  by  a 
doping  cat  from  the  inner  side  next  the  splice ;  re-twist  and 
again  pass  the  ends  through  holes  transverse  to  the  last  and 
pull  tight.  Repeat  this  operation  several  times^  gradually 
reducing  the  thickness  of  the  end,  until  the  very  fine  ends^ 
after  passing  through  their  holes,  may  be  cut  off  dose. 
Hammer  the  finished  splice  all  over  gently ;  indeed  ham- 
mering may  be  resorted  to  at  intervals  during  the  splicing^ 
in  order  to  secure  an  even  surface. 

(3.)  A  simple  substitute  for  the  hook  and  eye  that  is 
sufficient  in  the  case  of  fine  bands  not  subjected  to  severe 
tension,  may  be  made  by  twisting  a  fine  steel  wire  into  a 
close  spiral,  rather  less  in  internal  diameter  than  the  band, 
and  about  half  an  inch  long ;  it  must  be  hardened  and 
tempered  blue.  Slightly  taper  each  end  of  the  band,  and 
screw  first  one  and  then  the  other  each  half  way  into  the 
spiral,  taking  care  before  screwing  the  second  end  to  put  a 
sufficient  amount  of  inverse  twist  into  the  band  itself.  The 
direction  of  the  spiral  must  be  such  that  the  catgut  does 
not  unravel  in  screwing,  and  the  strength  of  the  joint  may 
be  inc»*eased  by  carefully  heating  the  coil  to  expand  the  ends 
of  the  band. 

IMPROVED   FORM    OF  TURNS. 

281.  It  cannot  be  denied  that  many  of  the  turns  which 
are  in  the  market,  whether  they  be  of  English  or  foreign 
construction,  leave  much  to  be  desired  as  regards  their 
adjustments,  and  the  reduction  in  the  price  of  this  invaln- 
able  tool  is  generally  more  than  neutralized  by  its  defidendes 
in  this  respect. 

Several  manufacturers  have  recently  endeavoured  to 
remedy  this  particular  want,  and  we  would  draw  special 
attention  to  the  turns  and  small  lathes  designed  by  M. 
Boley,  of  Esslingen  (Germany),  as  they  are  remarkable 
alike  for  accuracy  of  construction  and  adaptability  to  the 
many  wants  of  the  watch-jobber  and  repairer.     He  has 
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already  been  referred  to  above,  and  other  tools  of  his  con- 
straction  are  mentioned  in  the  course  of  this  work. 

282.  A  special  feature  in  these  turns  is  that,  although  in 
their  simplest  form  thej  are  no  more  elaborate  than  an 
ordinaiy  pair  (fig.  6,  plate  II.),  the  same  frame  can  receive 
any  one  or  more  of  a  very  great  variety  of  additional  pieces, 
adapting  it  to  perform  any  operation  for  which  its  weight 
and  height  of  centre  is  fitted ;  this  fact  is  sufficiently 
evidenced  by  the  three  figures  8,  9  and  10,  on  pages  194, 196, 
and  212  respectively.  But  even  in  its  simplest  form  the  tool 
is  characterized  by  several  novel  features.  The  rectangular 
bar  hitherto  in  almost  universal  use  for  this  class  of  lathe, 
and  shown  in  fig.  6,  plate  II.,  is  replaced  by  one  of  tri- 
angular section,  a  very  important  modification  as  the 
parallelism  of  the  runners,  when  the  movable  poppet-head 
oocupies  different  positions,  is  rendered  far  more  secure. 
The  risk  of  irregularity  in  this  respect  is  still  further 
diminished  by  the  excellent  arrangement  adopted  for  locking 
the  runners  in  place  of  the  well-known  bolt  and  side-screw. 
A  V'Bhaped  slot  is  cut  longitudinally  in  the  head  of  each 
poppet-head,  of  such  a  size  that  the  runner,  when  lying  in 
it,  projects  slightly  above  the  top.  The  steel  plates,  seen  in 
fig.  12,  can  be  brought  firmly  into  contact  with  the  runners 
by  means  of  the  saddle  passing  over  each  of  them,  which  is 
depressed  by  means  of  a  bolt  provided  with  two  hard  steel 
cones  jbdng  each  other,  and  a  milled  headed  nut  (seen  at 
the  back).  By  such  an  arrangement  the  bending  action  of 
the  ordinary  nut  is  entirely  avoided,  the  top  of  the  poppet- 
head  is  left  free,  and  the  initial  adjustment  of  the  runners 
in  right  line  ia  much  &cilitated. 

Arranged  as  a  simple  pair  of  turns,  the  tool  is  provided 
with  the  runners  already  described  in  this  work,  some  of 
which  are  represented  in  plate  II.,  and  there  is  an  adjustable 
friction  pulley  carried  on  a  slide  for  taking  off  the  pull  (when 
taming  with  a  wheel)  from  delicate  spindles,  as  is  done  by 
the  pulley  k,  in  fig.  18,  par.  492. 
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383.  A  lathe  specially  intended  for  drilling  and  coonter- 


siukiug,  and  bnilt  up  on  the  same  hta,  is  shown  infi^.  10,  on 


BOLEY  LATHE.  195 

I)age  212.  The  di*ill  being  centred  in  the  six-screw  chuck, 
or  in  a  special  chuck  substituted  for  it,  the  object  to  be 
operated  upon  is  held  against  a  flat  table  at  the  end  of  a 
ronner  in  the  loose  poppet-head,  and  pressure  is  applied  by 
the  lever  while  the  drill  revolves.  It  will  be  evident  that 
the  same  arrangement  would  take  the  place  of  fig.  5,  plate 
U,,  if  necessary.    (See  also  article  443.) 

Fi^.  89  on  page  194,  shows  a  headstock  perforated  to 
reoeiTe  the  American  split  chucks  which  are  now  very 
commonly  used.  The  chucks  are  of  two  forms  ;  those  for 
taking  spindles,  arbors,  drills,  &c.,  and  the  step  chucks  for 
centring  discs,  wheels,  barrels,  <&c.;  both  kinds  are  shown  in 
the  figure.  A  rod  passing  through  the  mandnl  from  the 
left-hand  end  is  screwed  into  the  thin  end  of  the  chuck,  thus 
drawing  the  latter  against  a  conical  seat  in  the  nose  of  the 
arbor,  at  the  same  time  closing  its  three  jaws  on  the  object 
placed  between  them.  This  nose  is  also  tapped  externally  so 
as  to  receive  chucks  of  the  ordinary  form.  It  will  be 
observed  that  the  ~f  ~^s^  ^  clamped  in  the  manner  already 
explained  in  252. 

Fig-?9,  on  page  196,  represents  the  only  other  of  the 
many  fbnns  of  this  lathe  to  which  reference  will  be  made. 
It  wiU,  however,  be  better  understood  after  Heading  articles 
382 — 7^  on  the  universal  mandril,  as  it  constitutes  a 
comply  small-size  mandril  with  pump-centre,  slide-rest, 
meetingHoentre,  and  all  the  special  features  of  that  well- 
known  tool. 

LATHES  WITH    REVOLVING    MANDRIL. 

284.  To  adapt  the  ordinary  turns.— These  lathes 

are  often  specially  arranged  for  the  manufacture  of  a 
nmnber  of  similar  objects,  such  as  screws  (see  article  441), 
and  are  complicated  by  the  addition  of  pieces  that  would  be 
of  no  value  to  the  ordinary  watchmaker.  One  feature  that 
usually  characterizes  them  may,  however,  with  advantage  be 
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<x>nsidered,  and  it  would  be  a  usefiil  addition  to  make  to  the 
tnnis  figured  in  plate  II. 

In  fig.  2,  plate  III.,  p  is  a  (J -shaped  headstock,  made 
of  fiepurate  pieces  united  by  screws  or  rivets,  or,  preferably, 
from  one  piece  of  metal ;  it  is  fitted  to  the  bed  of  the 
orduiary  turns  and  takes  the  place  of  the  movable  poppet- 
hatA  py  in  plate  II.  The  fixed  poppet-head  is  shown  in 
dotted  lines  and  carries  a  centre,  hy  the  use  of  which  will  be 
pnaentiy  explained. 

The  two  branches  of  p  terminate  in  bearings  with  covers 
acrewed  on,  in  which  the  arbor  A  rotates. 

This  arbor  is  hollow  thronghont  its  entire  length  as 
indicated  by  the  more  distant  pair  of  dotted  lines.  The 
pulley  to  which  motion  is  communicated  is  fixed  at  the  left- 
hand  extremity,  and  at  the  right  hand  is  a  disc  or  plate,  r  dy 
seen  in  front  elevation  at  I  d,  that  should  be  somewhat 
maflriTe  and  is  formed  of  two  pieces  r  and  d  united  by  screws. 
The  thicker  piece,  /  d,  has  a  rectangular  opening  cut  through 
h,  the  two  longer  sides  of  which  are  sloped  from  without 
invuds^  so  that  a  section  perpendicular  to  the  plane  and 
ihroagh  the  dotted  line  will  show  the  aperture  of  a  dove- 
teflfbrm. 

Two  accurately  fitting  dies,  c,  e,  are  held,  friction-tight^ 
between  the  plates  r  and  d ;  they  are  movable  along  a 
diameter  and  an  object  placed  between  them  can  be  firmly 
ckmped  by  means  of  the  screws  that  are  against  the  dies. 

28&  The  following  method  is  adopted  in  order  to  ensure 
that  the  hole,  which  is  bisected  by  the  line  of  junction  of 
the  dies,  corresponds  exactly  with  the  axis  of  a.  The  centre 
h  (in  tiie  fixed  poppet-head  of  the  turns),  which  is  directly 
opposite  to  the  axis  of  A  and  must  be  carefully  adjusted, 
is  provided  with  a  semi-cylindrical  drill  similar  to/,  but 
somewhat  larger.  This  drill  must  have  been  turned  with 
the  runner  ^,  so  as  to  be  true  with  it  ;  in  that  case  the  dies 
will  be  perforated  exactly  along  the  axis  of  a. 

When  the  hole  has  been  made,  aad  broached  out  if 
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needftily  it  is  evident  that  a  rod  clamped  between  the  dies 
can  only  be  excentric  along  the  diameter  at  right  angles  to 
the  dotted  line  a/,  and  it  will  thns  be  easy,  with  the  two 
screws,  to  set  it  in  an  axial  position. 

The  pulley  may  be  placed  at  t,  bnt  this  is  inconyenient 
except  when  the  bow  is  exclusively  nsed  ;  when  taming 
with  the  wheel,  it  is  often  better  to  adopt  the  position  b,  as 
the  cord  can  then  be  pnt  on  and  off. 

286.  The  mechanism  above  described  is  nsefhl  for  very 
many  pm^ses :  thus  a  rod,  b  a,  can  be  adjusted  with  the 
requisite  amount  of  metal  projecting  at  a,  and  screws,  drilL^ 
taps,  set-hand  squares,  clock  studs,  &c.,  may  be  rapidly 
roughed  out,  especially  if  the  motion  is  continuous.  As  the 
extremity  a  can  be  quickly  reduced  to  any  required 
dimensions,  it  becomes  a  convenient  chuck  for  centring  a 
watch-hand  when  the  tube  requires  to  be  diminished  in  its 
external  diameter,  a  minute-wheel  that  is  too  high,  or  the 
teeth  of  which  require  to  be  topped,  <&c. 

Lastly,  in  such  a  tool  cannon  pinions,  tallow-drop  heads^ 
cylinders,  plugs,  <&c,  can  be  quickly  roughed  out.  For 
example :  bring  the  drill  /  up  against  the  rod  a,  which 
must  not  project  more  than  is  necessary,  and  drill  a  hde  ; 
then,  replacing  the  X'^^^t,  turn  the  end  and  sur&u^e  and  cut 
oif  to  the  required  length,  and  a  cylinder  shell  is  neatij  and 
promptly  made.  A  number  of  such  shells  can  be  pr^Mured 
in  a  very  short  space  of  time. 

It  is  important  to  observe  that  if  the  rod  a  projects  too 
far,  the  flexibility  will  prevent  its  being  turned  cyUndrical. 
When  a  considerable  projection  is  essential,  mark  a  centre 
with  the  drill,  and  replace  h  by  an  ordinary  pointed  centre^ 
that  must  be  perfectly  true.  It  will  be  easily  seen  that,  if 
both  centres  are  not  rigorously  true,  no  good  work  can  be 
done. 

These  explanations  will  sufSce  to  enable  any  watchmaker 
to  make  good  use  of  such  a  tool. 
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LARGE-SIZE  LATHES. 


287.  The  ordinary  turns  provided  with  the  several 
aooesaories  hitherto  described  and  represented  in  figs.  2, 3,4, 
5,  &c,  of  plate  II.,  and  figs.  1, 2,  4,  S,  7,  &c.,  of  plate  III., 
nnufc  be  r^arded  as  a  small-size  lathe  suitable  for  fine  work 
and  fiurlj  complete ;  bat  it  is  not  sufficiently  massive  for 
Ttmlriiig  tiie  plate  of  a  watch  or  most  of  the  parts  of  time- 
pieces. 

A  lathe-head  twice  the  ^ze  of  that  shown  in  fig.  10, 
plate  III.,  will  serve  for  nearly  all  purposes.  As  it  will 
take  dincks  of  all  sizes,  spindles  of  considerable  diameter, 
laps,  large  circular  cutters,  small  emery  wheels,  &c.,  the 
Tariety  of  uses  to  which  it  can  be  applied  will  be  obvious. 

To  make  such  a  tool,  the  frame  of  a  drilling  tool,  to  be 
met  with  in  tool-shops,  can  be  utilized,  although  its  arbor 
€»iinot  be  made  available.  In  the  absence  of  such  a  resource, 
it  is  easy  to  make  a  wooden  pattern  and  obtain  from  a  brass- 
founder  a  frame  similar  to  b,  fig.  10,  plate  III. 

After  filing  all  its  surfiaces  square,  mark,  on  the  outer 
Bor&oes,  the  positions  of  the  holes  for  the  bearings,  and 
partially  drill  them  with  small-size  driUs,  in  order  to  avoid 
displacement,  and  then  drill  from  end  to  end  in  the  manner 
.bsequently  explained  (709). 

If  only  a  small  pair  of  turns  is  available  the  operation 

be  conducted  as  follows  :  Support  the  frame  b  between 

the  centres  with  their  points  in  the  holes  already  partially 

drilled ;  then  replace  one  of  these  centres  by  a  drill-carrying 

centre  (as  shown  at  h,  fig.  2,  plate  III.)  that  is  set  in 

rotation  with  a  ferrule  at  the  farther  end.    While  one 

person  works  the  bow  or  driving-wheel  and  presses  against 

the  outer  point  of  this  centre  in  order  to  make  the  drill 

(which  must  be  somewhat  large  to  avoid  flexure)  bite,  the 

other  supports  the  frame,  turning  it  through  a  quarter  of 

a  circumference  at  intervals.    When  the  hole  is  through, 

reverse  the  frame  and  drill  the  other  side. 
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Slight  differences  can  be  corrected  by  means  of  two 
centres  that  are  formed  into  broaches  at  their  ends  and  act 
together.  Finally^  if  this  method  is  not  snfScient,  any 
irregularity  that  remains  may  be  corrected,  before  the 
covers/,/,  are  fitted,  by  using  a  temporary  arbor  formed 
of  a  cylindrical  rod  somewhat  larger  than  the  holes,  which 
should  be  roughed  at  its  ends  by  drawing  the  edge  of  a 
file  over  the  surface  lengthwise.  The  arbor  having  been 
set  in  position  is  caused  to  rotate  and  the  covers  are  gradually 
screwed  tighter  until  fiilly  home. 

A  smooth  cylindrical  rod  with  oilstone  dust  and  oil  can 
also  be  used  in  a  similar  manner.  Emery  should  not  be 
employed  for  such  a  purpose  as  it  is  apt  to  leave  particles 
embedded  in  the  metal,  which  cause  wear  of  the  arbor. 

The  above  explanations  will  doubtless  be  more  than 
sufficient  to  enable  the  reader  to  prepare  such  a  headstock. 

289.  To  make  the  arbor  and  its  accessories. — ^To 

drill  a  steel  arbor  from  end  to  end  that  is  at  least  twice  the 
size  of  m  A  c,  fig.  10.  plate  III.,  is  a  long  and  difficult  opera- 
tion for  a  watchmaker ;  but,  if  he  somewhat  increases  the 
proportions,  he  may  make  it  of  the  best  iron  tubing,  that  can 
be  obtained  from  metal  merchants. 

An  arbor  that  is  drilled  throughout  its  length  is  certainly 
preferable ;  but,  if  the  workman  is  willing  to  give  up  this 
advantage,  he  can  use  iron  tubing  for  the  body  of  the  arbor 
only,  and  he  should  select  it  very  thick.  Drive  the  steel 
point  X  to  some  distance  within  the  tube,  and  at  the  other 
end  insert  a  steel  tube^  n  o,  tapped  internally  and  externally 
at  c,  and  having  at  tz  a  projecting  ring  that  is  left  when  the 
steel  is  shaped  in  the  lathe.  The  adjustment  of  these 
pieces  is  effected  as  explained  in  par.  268 ;  the  two  steel 
pieces  being  driven  cold  into  the  heated  tube. 

The  external  surface  of  c  must  be  tapped  very  carefully 
with  screw  dies  (although  cutting  in  the  lathe,  if  this  can 
be  done,  gives  still  better  results),  and  afterwards  a  series 
of  screw  taps  must  be  made  exactly  similar  to  c,  except 
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that  they  are  &ced  on  four  sides  thronghont  a  considerable 
portion  of  their  length  so  as  to  give  catting  edges.  After 
hardening  and  tempering  (84 — 91)  they  will  serve  to  tap 
the  inside  threads  of  chncks  to  fit  the  arbor. 

As  regards  the  interior  of  c,  which  is  seen  in  end  view  at 
8,  it  is  tapped,  also  with  the  greatest  care,  with  a  thoroughly 
good  and  sharp-cntting  slightly  conical  tap,  which  should  be 
longer  than  the  usual  form.  That  is  to  say,  it  should  have 
a  portion  in  advance  of  the  tap,  gradually  tapering  to  the 
point,  where  a  small  flange  is  formed  a  Uttle  less  than  the 
inside  of  the  tube  a.  By  taking  this  precaution  the  tap  is 
compelled  to  travel  along  the  axis  of  the  tube  and  the 
thread  is  cut  both  quicker  and  better. 

The  tap  employed  should  correspond  with  one  of  the 
holes  in  a  large-sized  screw-plate  (or  a  set  of  dies) ;  for 
sabsequently  the  tangs  of  the  chucks,  as  t,  will  require  to 
be  fitted  to  s.  (See  the  articles  on  taps  and  dies  423 — 
440.) 

290.  Chucks.  —  These    may    be    divided    into    two 

(1.)  Those  that  screw  into  the  head  c  (at  s),  which  are 
8ohd  and  usually  have  one  of  the  three  forms  shown  at  t, 
fig.  10,  plate  III.,  and  indicated  by  the  letters  a  a^  e  e,  i  i. 
They  may  have,  at  the  centre,  a  screwed  or  taper  arbor, 
which^  however,  must  be  very  short. 

C2.)  The  second  class  comprises  those  that  screw  on  to 
the  nose,  c,  of  the  mandril  arbor,  which  must,  of  course,  be 
hollow  at  their  centre.  Two  forms  are  commonly  used  :  one 
18  shown  by  dotted  lines  si  g  g"  and  the  other  at  d.  This 
latter  is  also  represented  in  front  elevation  at  d^  The 
diameter  of  the  plate  or  ring  g  may  vary  between  that 
of  n  and  nearly  twice  the  height  of  the  centre  from 
the  bar. 

Each  chuck  is  drilled  perpendicular  to  its  axis  with  a  hole, 
shown  at  v  and  at  d.  This  is  intended  for  the  introduction 
of  a  rod  or  'Hommy,"  which  can  be  used  as  a  lever  for 
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screwing  or  unscrowing  the  chuckB  on  the  nose  of  the 
mandril. 

It  is  noodloBB  to  explain  tlie  mode  in  which  the  chuck  D, 
also  seen  at  d\  is  used :  ailor  reading  articles  284'*-6|  it  will 
bo  very  evident  that  it  will  ada])t  itself  to  a  great  variety  of 
overy-day  work. 

The  American  '^ scroll ''  chncks  that  liave  come  into  general 
nse  in  recent  years  for  larger  lathes  are  very  convenient 
substitutes  for  this  form  of  chuck,  and  lend  thomselvos  to 
many  other  uses  for  which  it  is  not  available.  In  them  the 
troul)lo  of  adjusting  the  screws  is  avoided  as  the  threo 
'^  dogs  "  are  advanced  togetluir  by  means  of  a  key ;  they  can^ 
moreover,  Ik)  used  to  grip  an  object,  cither  internally  or 
externally,  of  any  diameter  betwecTi  limits  determined  by 
the  size  of  chuck.  The  ordinary  form  must  not  be  relied 
upon  where  rcvj  exact  centring  is  requisite,  but  many 
operations  will  suggest  themselves  to  any  workman  in  which 
such  a])Solute  accuracy  can  be  dispensed  with.  For  Borne 
details  in  regard  to  split  chucks,  see  article  288. 

At  A,  fig.  1,  plate  V.,  is  represented  another  form  of 
chuck  that  screws  on  to  the  external  thread  on  0.  This 
chuck  hiut,  at  its  C(;ntre,  a  j)rojecting  tapered  wood  BcroW|  x, 
which  must  not  be  too  long.  Wood  blocks  con  then  bo 
screwed  to  it  for  holding,  for  examiile,  rings  that  have  to  be 
turned  or  polished  ;  or,  among  other  things,  the  cylindrical 
portion  of  a  clock  spring-box  that  has  to  be  tunied  on  itB 
external  surface,  or  requires  the  recess  forming  in  which  the 
bottom  fits  aTid  is  soldered,  &c.  (668)« 

291.  When  the  lathe-head  is  completed  and  flxed  firmly 
to  the  bench  with  screws,  an  adjustable  T-rost  must  be 
conBtmcted.  Every  watchmaker  will  doubtless  bo  able  to 
make  it;  nevertheless,  a  few  details  may  be  acceptable. 

A  thick  tulK),  c,  of  sufficient  length,  in  which  the  rest  is 
fitted,  must  be  firmly  riveted  or  brazed  to  a  strong  plate  b  a, 
fig.  9,  plate  III.,  having  a  longitudinal  slit,  n.  A  bolt|  d, 
with  a  large  flat  head,  pasBcs  through  this  slit  and  throughl 
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a  second  cnt  in  the  bench  on  which  the  plate  rests,  so  that 
this  latter  can  be  clamped  in  any  position  by  a  nnt  at 
the  end  of  d  that  has  a  bearing  against  the  under  side  of  the 
bench. 

As  &  a  is  cut  throughout  its  length,  very  considerable 
variations  can  be  made  in  the  position  of  the  rest,  even 
with  a  comparatively  short  slit  in  the  bench. 

The  tube  c  must  be  of  such  a  height  as  to  permit  of  the 
necessary  vertical  displacement  of  the  rest,  and  the  plate  b  a 
may,  if  preferred,  bo  raised  on  a  disc  or  block  traversed  by 
the  bolt. 

282.  Lathe  support. — ^When  turning  with  the  foot- 
wheel  it  is  often  found  convenient  to  support  the  lathe  on  the 
bench  itself  instead  of  in  the  vice,  so  that  the  two  arms 
can  be  supported  by  the  bench.  This  can  be  easily  effected 
by  using  a  slide  with  movable  jaws,  as  shown  in  fig.  10, 
plate  Y. 

The  plate  a  d  is  slit  almost  throughout  its  length  for  the 
passage  of  the  bolt,  v,  so  that  it  can  be  moved  backwards  and 
forwards  at  will.  This  plate'  a  h  carries  a  fixed  jaw,  d,  to 
which  a  second  movable  jaw,  Cy  is  attached  with  a  screw : 
the  shaded  block  enclosed  between  the  two  represents  a 
vertical  section  of  the  tail  of  the  lathe-bed.  The  drawing 
is  sufficiently  clear  to  render  further  explanation  unne- 
cessary. 

Evidently,  if  there  is  sufficient  height  to  spare,  a  vice  fixed 
at  one  end  of  a  slide,  such  as  a  d,  will  answer  the  purpose. 

293.  Slide  to  carry  rests,  &C. — Some  tools  intended 
for  special  purposes,  winch  will  be  subsequently  described, 
involve  the  use  of  a  shde  on  the  bar  of  the  lathe.  It  will  be 
found  easy  to  make  a  slide  that  can  be  adapted  to  carry 
anything,  especially  if  the  form  shown  in  fig.  11,  plate  Y.,  be 
adopted. 

A  block  of  brass,  rsU  which  is  cut  away  vertically  to  admit 
the  bar,  is  traversed  by  a  round  hole  in  a  horizontal  direc- 
tion, and  at  right  angles  to  that  which  receives  the  lathe 
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bar ;  through  this  hole  passes  the  slide  of  the  rest.  As  the 
sliding  piece  thns  rests  on  the  bar  of  the  lathe^  the  tight- 
ening of  the  screw  z  will  clamp  the  entire  system  rc%z^  The 
portion  r  st  can  be  made  of  three  pieces  joined  by  screws  or 
rivets. 

As  will  be  seen  from  the  figure,  the  sliding  piece  is  a 
semi-cyljndrical  rod  ;  it  acts  in  precisely  the  same  maimer 
as  the  X-rest  carrier  of  the  ordinary  turns.  If  it  is  required 
that  the  tool,  when  supported,  shall  be  capable  of  taking  a 
varying  inclination  to  the  right  or  left,  c  r  should  be  left 
cylindrical  and  the  hole  drilled  somewhat  higher  up,  so  that 
the  bottom  edge  of  the  slide  is  on  a  level  with  the  upper 
side  of  the  bar. 

294.  Support  for  raising  the  headstock.— It  iflsddOTi 

that  a  watchmaker  can  afford  to  spare  suificient  space  for  a 
large  engineer's  or  an  amateur's  lathe  ;  and  even  if  he  have 
the  space,  such  a  lathe  is  only  occasionally  of  use  to  him, 
and  he  may  well  hesitate  at  incurring  such  an  expoise. 
The  want  of  it  can  be  made  up  for  in  the  following  manner. 

This  mode  of  supporting  the  free  end  of  the  lathe-bar 
secures,  it  may  be  observed,  a  remarkable  degree  of  firmnenn, 
80  that  very  heavy  objects  can  be  turned  in  an  ordinaJ? 
lathe  when  it  is  adopted  ;  if  such  a  degree  of  steadiness  ifl 
not  required,  simpler  methods,  which  will  at  once  suggest 
themselves,  will  suffice. 

Fix  an  ordinary  lathe  firmly,  either  by  means  of  screws  ^^ 
in  the  jaws  of  a  vice,  so  that  it  stands  above  the  level  of  ^ 
workboard.     To  this  board  screw  a  dovetail  guide,  shown  ^ 
section  at  A,  fig.  6,  plate  V.,  underneath  and  parallel  to  ^ 
bar  of  the  lathe.     To  this  is  fitted  a  slide  p  of  such  height  ^ 
to  receive  the  free  end  of  the  bar  at  a.  where  it  must     ^ 
clamped  by  the  screw/.    When  the  slide  p  is  firmly  held 
its  guide,  the  lathe  will  be  very  steady. 

The  slide  is  traversed  through  a  portion  of  its  height  b^ 
kind  of  bolt  or  key,  c  d,  the  conical  foot  c  of  which  engages  ^^ 
the  one  side  with  the  guide  a,  and  on  the  other  with  the  sol^ 


LATHE  SUPPOETS.     SLIDE-REST.  205 

portion  of  the  slide  itself.  The  upper  end,  d,  of  this  bolt  is- 
traYersed  by  a  screw,  nj,  having  a  conical  stem  from  n  to  i 
and  a  thread  from  i  to  j.  When  n  is  tightened,  the  slide 
will  thus  be  firmly  fixed  in  consequence  of  the  head  c  being 
drawn  against  the  guide  ;  and,  on  unscrewing  n,  the  slide  is. 
at  once  released  and  can  be  removed  altogether  if  not  re- 
quired. 

TURNING    WITH  THE   SLIDE-REST. 

295.  Brass  is  easily  turned  with  the  slide-rest  in  an 
ordinary  lathe  arranged  for  the  purpose,  or  on  a  mandril ; 
but  the  turning  of  steel  demands  rather  more  care  in 
setting  the  cutter  so  as  to  obtain  the  best  cutting  edge  as 
well  as  in  determining  the  point  of  application  of  the  tool. 

Preliminary  trials  must  be  made,  and  the  following 
remarks  will  be  of  service  as  a  guide. 

296.  Engineers  use  a  hooked  tool  to  a  very  great  extent 
for  both  planing  and  turning.  Both  experience  and  reason- 
ing point  to  the  conclusion  that  a  tool  of  the  form  ^  or  ^ 
(fig.  9,  plate  V.)  possesses  many  recommendations,  and 
numerous  designs  of  hooked  tools  more  or  less  resembling 
these  figures  are  employed  with  advantage ;  the  tool  occupies 
the  best  possible  position  in  reference  to  the  surface  it  is 
required  to  cut,  and  the  cutting  edge  is  both  sharp  and  sohd» 
It  will  be  evident  that  a  certain  relation  exists  between 
the  cutting  angle  and  the  point  of  application  of  the  tool  to 
the  cylindrical  object  that  is  being  turned,  and  this  it  is 
necessary  to  determine.  With  a  hooked  tool,  as  with  the 
ordinary  slide-rest  cutter,  a  cutting  angle  which  is  too  acute 
will  wear  away  rapidly  ;  when  too  obtuse,  the  edge  scrapes 
and  will  only  act  when  considerable  pressure  is  applied. 

In  conclusion,  it  is  clear  that  in  forming  or  re-grinding 
any  tool  for  cutting  a  surface,  it  must  be  so  arranged  that 
its  edge  makes  the  least  possible  angle  with  the  surface  that 
is  consistent  with  the  securing  of  a  sufficient  degree  of 
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resistance  to  the  cohesion  and  the  hardness  of  metal  operated 
npon ;  in  other  words^'the  end  of  the  tool  mnst  be  almoife 
tangential  to  the  circumference  of  the  object,  and  th6  angle 
of  the  cutting  edge  must  be  obtained  by  removing  metal 
from  the  top  face  of  the  tool. 

These  principles  are  i^hcable  to  all  tools  for  metal ;  to 
the  blades  of  drills  as  well  as  to  the  cutting  edges  of 
gravers,  &c.* 

297.  The  angle  of  the  cutting  edge' of  the  tool  used  in 
the  slide-rest  for  steel  should  be  less  than  that  employed  for 
operating  on  brass.  According  to  Holtzapffel,  it  may  vaay 
in  the  former  case  from  60^  to  80^  and,  in  the  latter  caae^ 
from  70^  to  90^,  according  as  the  tool  is  required  for  rong^ 
turning  or  finishing.  60^  and  80^  may,  however,  be  taken 
as  convenient  angles  in  the  two  cases  respectivdy.  Sunffle 
methods  of  ensuring  that  the  cutting  edge  has  any  required 
angle  are  described  in  articles  396 — 8* 

The  velocity  with  which  the  lathe  revolves  should  aho  be 
less  when  turning  steel,  and  care  must  be  taken  that  both 
the  tool  and  object  are  constantly  moistened  with  oil  or 
soapy  water,  &c. 

It  is  sometimes  desirable  to  arrange  a  small  dropping-can 
for  the  purpose  of  keeping  up  the  supply ;  this  may  be 
easily  done  by  placing  a  can  containing  the  fluid  above  the 
level  of  the  work  and  allowing  a  piece  of  lamp-wide,  pre- 
viously moistened,  to  hang  from  it  so  as  to  almc^  toudi  the 
work :  a  continuous  series  of  drops  will  &11  owing  to  the 
influence  of  capillarity. 

298.  When  roughing  out  work  it  is  best  that  the  cutter 
first  travel  perpendicular  to  the  object,  from  a  towards  h,  fig. 
2,  plate  IX.,  and  then  in  the  direction  of  the  arrow.    The 


■^ 


*  We  wonld  again  refer  the  reader  to  Holtzapffel's  Turning  and 
Mechanical  Manipulation.  In  Volnme  II.  he  will  find  a  very  important 
disciusion  on  cutiing  tools,  which,  howerer,  it  woold  be  impoMible  to 
naefnllj  abridge. 
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comer  a  shotild  only  bo  used  for  finishing  an  internal  angle  or 
for  roughing  it  oat,  and,  in  this  latter  case,  the  cutter  must 
advance  along  a  h  and  be  withdrawn  from  the  metal  in  the 
direction  of  the  arrow.  The  small  face  at  the  end,  a  c^ 
should  be  narrow. 

299.  Ordinary  slide-rest. — The  slide-rest  usually  em- 
ployed in  a  common  lathe  is  made  in  the  manner  shown  in 
fig.  7,  plate  V. :  c  is  a  "  saddle  "  that  fits  on  to  the  lathe- 
bar,  and  has  a  dovetail  slide,  a  a  ^,  at  right  angles  to  the 
bed.  On  the  slide  h  is  mounted  at  right  angles  a  second 
dide,  which  thus  moves  parallel  to  the  bed  ;  it  is  seen  in 
vertical  section  at  np  n.  This  second  slide  carries  a  tool 
holder,  i  d,  which  can  thus  be  caused  to  move  backwards 
and  forwards  as  well  as  sideways. 

300.  Another  system, — ^A  similar  result  may  be  arrived 
at  when  using  a  pair  of  turns  by  means  of  the  following 
apparatus,  which  is  very  simple  and  easy  of  construction : — 

Two  solid  angle-pieces,  b,  b  (fig.  12,  plate  V.),  filed  up 
square,  are  united  ^together,  and  pairs  of  holes  are  drilled 
through  them  at  cr,  c,  e,  and  d.  Those  at  a,  a  must  be  of 
exactly  the  same  size  as  the  lathe  centres. 

When  these  holes  have  been  carefully  made,  the  pieces, 
B,  E,  are  fixed  to  a  base,  b,  and  the  cylindrical  rods,  cc,ddy 
on  which  the  tool-holder  p  h  slides  by  the  action  of  a  screw 
Vf  are  fixed  in  position.  The  hole  at  b  has  the  same  diameter 
as  the  upright  portion  of  the  T-^est. 

An  examination  of  the  figure  will  at  once  make  clear  the 
manner  in  which  this  appliance  acts.  The  two  lathe  centres 
are  passed  through  the  holes  a,  a ;  through  b  passes  a  short 
rod  to  replace  the  ordinary  vertical  rod  of  the  X-rest. 
After  clamping  the  screw,  z,  the  whole  will  be  found  to  be 
firmly  fixed  ;  if  it  is  required  to  secure  a  greater  degree  of 
steadiness,  clamping  screws  may  be  placed  in  the  positions 
indicated  by  dotted  circles  near  a,  a. 

The  screw  v  will  give  a  lateral,  and  s  a  perpendicular, 
movement  to  the  tool-carrier. 
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301*  If  it  is  desired  to  avoid  having  a  very  extended 
movement  of  the  screw  s,  the  arms  £,  £^  may  be  prolonged 
beyond  a,  a,  and  two  more  holes  drilled  through  them.  By 
passing  the  centres  through  these  latter,  the  entire  frame 
will  be  carried  farther  out. 

The  screw  v  should  run  easily^  and  the  spindles,  c  e,  d  d, 
are  somewhat  thick  in  order  to  avoid  bending. 

When  a  greater  range  of  lateral  motion  for  the  tool-h(^der 
is  needed,  or  if  a  larger  tool-holder  (securing  more  steady 
work)  is  employed,  the  entire  frame  can  be  made  longer  by 
arranging  for  one  of  the  arms,  £,  to  pass  on  to  the  correspond- 
ing centre  at  its  opposite  end,  beyond  the  poppet-head. 

If  working  on  wood  or  soft  metal,  the  frame  may  be  left 
free  at  b,  and  the  requisite  lateral  pressure  obtained  by  hand> 
sliding  the  frame  along  the  centres  a  a. 

302.  Circular  slide-rest. — The  tool-holder  can  be  so 

arranged  that  the  cutter  may  be  fixed  at  various  angles  to  the 
axis  of  the  lathe  by  mounting  it  to  turn  on  an  axis,  with  a 
screw  to  damp  in  any  position.  A  very  firm  arrangement 
is  shown  in  fig,  18,  plate  Y. 

D  is  a  conical  disc  fixed  by  screws  :  it  maintains  the  ring 
^  ^  in  such  a  manner  that  it  can  rotate  with  friction.  This 
ring  carries  two  projecting  blocks  a,  a,  which  correspond 
with  a  circular  recess  c  c  cut  in  the  under-side  of  the  tool- 
holder  p.  The  entire  system ahDba  and p fit  together, and 
the  screw  t  (shown  also  dotted  at  t)  passes  through  the  two 
blocks  and  the  tool-holder.  When  this  conical  screw  is 
tightened,  its  upper  side  engages  with  a,  a,  and  its  lower 
side  with  p,  thus  firmly  fixing  the  tool  and  holder,  which 
can,  however,  be  rotated  iiomediately  on  releasing  it. 

303.  Easy  mode  of  making  a  slide.— The  only  diffi- 
culty that  presents  itself  in  making  a  slide  for  the  alide-rest, 
a  rule,  or  any  other  purpose,  consists  in  obtaining  exact  paral- 
lelism between  the  edges  and  an  equal  inclination  of  the  two 
sides.  This  difficulty  may  easily  be  got  over  by  proceeding 
as  follows : — 
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When  the  slide  is  thin,  place  a  plate -p,  fig.  10,  plate  XII.,' 
on  the  chack  of  a  wheel-catting,  enjgine,  a. straight. edge  r 
haying  been  previously  riveted  to  p.  After  roughing  out 
the  slide  c  c  and  making^the.  under  side  qntte  flat,  hold  it 
firmly  against  the  edge  of  r,  and,  while  sliding.it  .along, 
a  single  revolving  cutter  /,  or  a  cylindrical  mill-cut^r 
of  the  greatest,  diameter  accessible  cuts'  the  edge*  of'c  c! 
Beverse  the  slide  and,  after  pressing  the  other  edge  under' 
the  cutter,  make  the  inclination  of  the  two  to  correspond  in' 
die  manner  explained  below.  The  curvature  of  the  fece 
formed  thus  wifl^be  but  sUght.     '  •    i .  -*  .      ,   | 

When  the  'slide  is  of  some  thickness,  the  above  method 
becomes  impracticiable.  Mount  firmly  on  the  wheel-cutting! 
engine  or  on  a  laEhe  driven  by  a  hand  or  foot  wheel/ the) 
plate  B,  fig.  II,  plate  XII.,  with  an  attached  straight  edge 
r,  supporting  it  by  a  pillar'  h  passing  through'^he'J^rrest^ 
holder  or' in  any  other  convenient  manner  ;  the*  direction  of 
r  niust  be'  at  right  angles  to -the  lathe  'axis  or^such  £hat, 
^hen  a  mushroom-headed  millF  is  chucked  in 'tlie'laijfie  or* 
on  the  cutter  arbor  of  the  wheel-cutting  engine,  the  slide 
can  be  gradually  presented  to  it,  as  seen  at  c±i  fig.  11. 

304.  Smoothing  the  iticUned  faces. — To  eflect  this  without 
altering  their  parallelism  or  their  inclination,  take  a  per- 
fectly true  hard  flat  surface,  of  niarUe^  melal,  or  some  such 
substance  ;  glue  a  sh^t  of  flue  emery  .paper,  to  it;  subj^bing ' 
it  to  .a  considerable  pressure  until  the^  glue  is  dry. '  'Now  - 
prepare  a  piece*  of  ^  compact  wood,  as  seen  at '  b,  :  fig.  1 1, 
plate  XIII,  taking  care  -that!  it  is  long  enough,    f^e  ft, 
dressing  the  sur&ce  ff.mitil  it  makes  with  the  plate  the 
same  angle  as  is  contained  between  the  base  and  side  of 
the  slide,  a.  •    It  only,  remains  to  hold  b  steady  and  to 
travel  the'slide: backwards  and  forwards  along  it,  muntain-  ' 
ing  it  in i close  contact  with  both'  the  wood  and  emery  ' 
surface ';  and  ,tfae  slide  iff  reversed  to  do  the  second  edge.-  In 
order  to 'be  able'  to:  manipulate  it  the  more  easily  with  the  • 

hand/iUelilideimayliave  a  handle  cemented  to  the  face  a. 

p 
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It  is  needless  to  observe  that  before  thus  finishing  off  the 
inclines,  the  base  must  be  accurately  traed. 

SIMPLE    FORM    OF    LATHE. 

305.  This  very  economical  form  of  lathe  can  often  render 
valuable  service  to  watchmakers,  especially  to  such  as  are^ 
unfortunately,  only  provided  with  the  ordinary  finifihing 
turns. 

At  the  end  of  each  centre,  a  short  plate  is  fixed  at  right 
angles,  as  seen  in  &g,  5,  plate  V.  The  centres  are  placed  in 
the  poppet-heads  as  shown,  and  one,  h,  supports  the  point  of 
the  arbor,  and  the  other,  c,  its  bearing.  The  movable  poppet- 
head  being  thus  drawn  close  up  to  the  one  that  is  fixed, 
leaves  a  suflBicient  length  of  the  bar  to  hold  the  T'^^^- 

The  arbor  shown  in  the  figure  is  solid  and  has  a  screw  a 
to  which  various  brass  chucks  can  be  fitted.  The  face  of 
the  chuck  must  be  carefully  trued  before  cementing  any 
object,  such  as  a  balance  or  barrel  to  it. 

DRILLING    IN   THE   LATHE. 

Various  methods. 

306.  The  perforation  of  metal  when  the  drill  is  driven 
with  a  bow  is  often  a  tedious  and  difficult  operation ;  in 
most  cases  it  becomes  both  rapid  and  easy  when  a  wheel  is 
used  in  place  of  the  bow,  especially  if  one  of  the  forma  of 
drill  subsequently  described  (333 — 4)  is  employed. 

The  ordinary  drill  can  be  used  with  awheel  in  the  manner 
shown  in  fig.  9,  plate  IV. 

A  loose  pulley  p  is  mounted  on  the  centre  in  the  fixed 
poppet-head  of  the  turns,  and  receives  in  a  radial  slot  the 
extremity  of  a  pin  that  is  fixed  in  the  ferrule  c  of  the  drill* 
The  workman  holds  the  object  to  be  drilled,  a,  in  his  hsm 
against  a  piece  of  wood  b,  and,  steadying  himself  against 
the  bar  of  the  lathe,  can  press  it  against  the  drill  in  the 
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required  direction  ;  the  drill  is  then  set  in  motion  by  the 
wheeL 

Eig.  2,  plate  III.,  shows  another  method  of  drilling. 
The  object,  a,  is  made  to  rotate,  and  the  drill,  /,  held  in  the 
centre,  Ay  which  is  free  to  move  in  the  poppet-head,  is  pushed 
fiirwaid  by  the  hand  with  the  requisite  degree  of  force. 

In  fig.  7,  plate  lY.,  the  drill  is  held  in  a  special  chuck 
and  set  in  motion.  In  the  opposite  poppet-head  is  a  centre 
that  carries  an  aocnrately  tamed  disc  or  table,  /.  The  object 
to  be  turned  is  held  against  the  drill  and  the  table  is  pressed 
against  it :  the  hand  can  then  maintain  both  the  object  and 
table  in  position.  If  desired,  the  object  can  be  clamped  to 
the  table  by  screws  when  the  drill  has  centred  it,  but  as  a 
role  the  fingeis  will  suffice  to  maintain  its  position  (340). 
Another  arrangement  is  leferred  to  in  article  448. 

A  consideiable  pressore  is  sometimes  required  to  force 
the  drill  to  enter  the  metal :  this  may  be  obtained  by 
means  of  an  arrangement  sach  as  is  shown  in  fig.  6, 
plate  lY. 

A  collar  m  with  an  internal  thread  is  fitted  to  the  loose 
headfltock  opposite  to  the  drill :  it  can  be  removed  at  will, 
bat  a  pin  prevents  it  from  rotating.  A  spindle/,  diminished 
thionghouta  portion  of  its  length  and  tapped  to  fit  m, 
Games  a  loose  plate  v  at  one  end  and  has  a  handle  at  the 
other.  It  will  be  obvious  that,  on  turning  the  handle,  the 
object  e  that  has  to  be  perforated  will  be  pressed  by  the 
plate  against  the  drill  with  considerable  force. 

The  handle  should  be  easily  removed  from  the  spindle,  so 
that  the  collar  m  and  spindle  /  have  only  to  be  drawn  from 
the  poppet-head  to  release  the  lathe  when  required  for  other 
pnrposea. 

It  will  be  found  convenient,  when  the  arrangement  shown 
in  fig.  7  is  adopted,  to  set  the  lathe  vertical  with  the  point 
of  the  drill  turned  downwards.  There  will  as  a  rule  be  no 
difficulty  experienced  in  doing  this. 

Another  system  of  drilling  in  the  lathe  and  applying 
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the  requisite  presanre  is  shown  in  fi^i^e  10,  page  212. 
The  explanation  already  given  in  par.  283  renders  farther 
deimiB  unnecessary.  For  the  mode  of  using  the  conuter- 
smidng  rose-cntters,  seen  apart  on  the  left-hand  side,  see 
trticle443. 

-     SUMMARY  OF  THE  ADVANTAGES  DERIVED  FROM 
USING  A  WHEEL   IN   PLACE  OF  A  BOW. 

307*  We  feel  compelled  to  insist  on  this  point  and  again 
tefer  to  it  on  account  of  its  great  importance,  because  it  is 
mainly  by  employing  tools  that  are  better  adapted  to  the 
teqnirements  of  his  daily  work  that  the  watchmaker  can 
ndfle  himself  from  the  uniform  groove  in  which  so  many  of 
hii  Ibllow-workcrs  remain.  But  unquestionably  the  basis  of 
a  systematic  assortment  of  tools  and  the  instrament  that  is 
best  calculated  to  make  such  a  collection  c^implete  is  the 
hdie  driyen  hj  a  wheel :  and  this  includes  both  the  ordinary 
tnms  and  the  headstock  lathe. 

The  object  to  be  operated  upon  is  more  promptly  plf  eel 
in  position  ;  the  carrier  can  be  more  easily  attached  than 
tbe  ferrule  and  nearly  always  occupies  less  space.  The  con- 
'  tinnoiu  movement  of  rotation  secures  a  more  rapid  removal 
of  metal  by  the  graver  and  the  object  is  more  exactly  round  : 
nMneover,  as  the  graver  is  not  so  frequently  displaced,  it  is  less 
$spt  to  break  at  the  point.  In  drilling  holes,  the  metal  is  re- 
moved with  greater  rapidity  and  the  hol',*s  are  straighter,  es- 
peciaHy  when  using  the  semi-cylindrical  drills  (334).  Surfaces 
are  polished  more  rapidly  and  better.  A  single  cord  takes  the 
place  of  an  array  of  bows  that  are  constantly  in  the  way. 
Lastly  a  lathe  with  fly-wheel  can,  if  desired,  \x:  of  very  con- 
sideiable  power ;  admits  of  using  a  great  variety  of  chucks 
for  screws,  drills,  emery  wheels,  laps,  cutters,  circular  saws, 
&c. ;  which,  while  taking  up  very  little  space  in  the  drawers, 
render  an  immense  variety  of  services  in  ordinary  work. 

Evidence  of  this  fact  has  already  been  given  in  articles 
271 — 5  ;  to  which  reference  must  therefore  be  made. 
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ORDINARY  SMALL  TOOLS. 

308.  We  shall  omit  all  reference  to  several  tools  that  are 
so  common  as  to  render  any  remarks  unnecessary,  neither 
shall  we  again  discuss  the  appliances  that  are  treated  of  in 
articles  229—249. 

After  discussing  a  number  of  small  tools,  very  many  of 
which  the  young  workman  had  better  make  for  Mmself  with 
a  certain  degree  of  finish,  with  a  view  to  improve  his 
manual  skill  and  taste,  we  will  proceed  to  consider  the 
tools  of  larger  volume,  such  as  mandrils,  wheel-cutting 
engines,  rounding-up  tools,  &c. ;  and  we  will  conclude  this 
portion  of  the  work  by  explaining  the  mode  in  which  the 
accuracy  of  certain  important  tools  may  be  tested. 

TO  SYSTEMATIZE  THE  DRILLS,  TAPS,  BROACHES,  &C. 

309.  Screw  gauge. — In  arranging  a  set  of  tools,  one  of 
the  first  conditions  for  ensuring  rapidity  and  certainty  in 
work  is  to  determine  upon  a  common  measure  between 
the  broaches,  taps  and  drills  ;  and  this  can  easily  be  done  in 
the  following  manner. 

Procure  a  good  screw-plate  and  a  draw-plate  for  reducing 
round  wire  to  any  required  diameter. 

Draw  out  a  piece  of  brass  or  good  iron  wire  to  such  a 
thickness  that,  when  slightly  tapered  at  the  point  to  facili- 
tate its  insertion  into  the  first  hole  of  the  screw-plate  a  good 
full  thread  is  obtained  without  producing  too  much  shaving 
or  straining  the  metal.  The  screw  is  cut  oS  about  half  an 
inch  beyond  the  thread,  so  as  to  have  with  it  a  portion  of 
the  metal  from  which  it  was  produced.  The  formation  of 
the  thread  spreads  the  metal  outwards,  so  that  the  screw  is 
nearly  always  thicker  than  the  smooth  portion. 

The  wire  is  again  passed  through  the  draw-plate  until  of 
the  thickness  suited  to  the  second  hole  on  the  screw-plate  ; 
a  screw  is  formed,  as  in  the  first  instance,  and  so  on 
nghout  the  series. 
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310.  When  this  operation  is  completed,  take  a  thin  plate 
of  a  ciicnlar  or  rectaugalar  form,  and  ronnd  its  circam- 
feience  cnt  a  nnmber  of  notches,  irradQallj  diminishing  in 
sixe,  that  correspond  with  the  ejliudrical  uncnt  portions 
of  the  screws  (j,  fig.  4,  plate  V.). 

Mark  these  recesses  with  numbers  corresponding  with 
those  of  the  screw-plate  and,  opposite  to  each,  drill  a  hole  of 
the  same  diameter  as  the  notch. 

The  first  series  will  serve  to  measure,  without  removal 
from  the  lathe  if  desired,  the  diameters  of  spindles  on  which 
threads  are  to  be  cut ;  and  the  round  holes  are  useful  for 
selecting  the  broaches  and  drills  to  prepare  holes  that  are  to 
be  tapped. 

If  the  gauge  is  well  made  and  the  drills  employed  are 
capable  of  producing  a  smooth  and  clean  cut  hole,  it  will  be 
found  that  the  thread  can  be  at  once  formed  without  there 
being  any  occasion  to  use  a  broach.  When  the  correct  size 
18  thus  determined,  the  hole  can  be  tapped,  using  the  bow,  or 
by  one  of  the  special  tools  subsequently  described  (435 — 

440). 

Series  of  taps,  broaches  and  drills  can  be  prepared  on  the 
basis  of  this  gauge  ;  they  should  all  be  marked  with  corre- 
sponding numbers,  and  the  broaches  may  be  fitted  with  brass 
lings  to  indicate  the  extent  to  which  they  are  inserted.  Such 
a  set,  if  complete,  and  maintained  in  good  condition,  will  be 
found  to  immensely  facilitate  the  work  of  the  watchmaker, 
to  effect  a  great  saving  of  time  and  to  avoid  breaking  taps 
jmd  choking  up  the  holes  of  screw-plates. 

Some  further  details  will  be  given  in  the  articles  on  drills, 
taps,  and  screw-plates. 

FERRULES. 

311.  At  the  outset  we  would  observe  that  a  ferrule  can 
nearly  always  be  replaced  with  advantage  by  a  carrier.  This 
can  be  adapted  for  use  with  either  a  bow  or  wheel,  as  it  is 
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only  necessary  to  make  a  radial  slot  in  the  carrier  through 
which  the  pin  on  the  loose  pulley  passes  ;  or  the  carrier  maj 
itself  be  provided  with  a  pin  that  passes  into  a  slot  in  tihd 
loose  pulley. 

Two  forms  of  screw-ferrule  are  shown  at  J  and  K,  fig.  4, 
plate  IV.,  that  are  too  well  known  to  need  description..  A 
convenient  modification  of  J  is  represented  at  V/fig:  -5/ plate 
V.  This  differs  from  the  ordinary  form  in  having:  two 
separate  bars  a  b,  c  d^  attached  to  a  solid : ring: Y.j.tk 
bars  are  hinged  on  screws  at  a  and  c/arid  clamped  together 
by  two  screws  b,  d.  The  adviantages  of  such  an  afranp- 
ment  are :  the  ferrule  itself  is  always  circular,  being  formedrf 
a  solid  piece  ;  the  bars  will  be  rendered  parallel  by  the  bckwb 
b  and  d,  and  always  maintain  the  ferrule  concentric  with  the 
axis  to  which  it  is  fixed.      .  /  •  i  •  .  • . .  

At  L,  N,  R,  p,  Q,  fig.  5,  plate  IV.,  are  represented  fiw 
varieties  of  ferrule  :  q  differs  but  slightly  from-.K,-,fig.  4 ;  B, 
•fig;  5,  is  not  of  much  value,for,  if.the :  object,  to  wbich-it* 
attached  is  thick,  the  screws  will ;  n:ot  'hi!)ld  finxily,  and,  if 
thin,  they  will  project  on  the  other  side  and  catch  against 
the  cord  of  the  bow.  The  edge  would  require  to  be  thick  in 
order  to  avoid  this  inconvenience,  and  tjien  the  feiTule  woulA 
become  heavy  and  somewhat  unmanageable. 

The  three  remaining  forms,  l,  n  and  P,  are  often  usefb*^ 
in  every-day  work.  .      -    • .    • 

.'  312.  A  graduated  series  of  ferrules  similar  to  Lwillb^ 
found  of  great  use.  They  can  be  at  once  adapted. to  ^ 
spindle,  drill,  arbor,  &c.  They  are  free  from  the  objection 
of  the  ordinary  ferrule,  which  requires  the  spindle  to  which 
they  are  adapted  to  be  conical  and  often  render  it  necessary 
to  increase  the  hole  with  a  broach.  The  apprentice  should 
make  himself  such  a  set ;  it  will  not  take  much  time,  and  he 
can  easily  obtain  the  requisite  screws  at  the  tool-shops  very 
well  made.  ■  •  ..      '.  :  .  . 

313.  The   ferrule    r,  shown  in  both    front    and    side 
elevation,  is  of  the  ordinary  form,  but  provided  on  its  face 
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two  or  three  screws  with  large  thin  heads,  the  exact 
rf  which  varies  according  as  the  ferrule  is  to.  be  used 
lances  or  wheels.  The  metal  is  all  removed  -from  the 
5, "leaving  onlj  the  rim  and  projections  to  take  the 
.;,the  ferrule  is  thus  very  light.  The  under  sides  of 
irew-heads  should  be  polished,  or,  at  least,  smoothed, 
s  shoulder  should  be  rounded  off  in  order  that  they 
Lot  mark  the  crossings  of  wheels,  &c,,  when  used  to 
them  against  the  ferrule. 


Fio.  11. 

t.  A  very  convenient  form  of  ferrule,  adapted  to 
i  a  spindle  of  almost  any  size  and  to  rapidly  centre 
is  shown  in  fig.  11.  The  body  c  is  provided  with  two 
•cut  blocks  n,  n,  in  which  a  dovetailed  slide  travels, 
amping  a  rod  d  in  the  manner  shown  in  the  figure, 
p  spring  arms,  a,  a,  open  so  as  to  lock  the  slide  in  its 
i;  it  is  therefore  only  necessary  to  place  D  in  the 
J  of  the  circular  hole  in  c  before  finally  tightening  the 
It  would  be  preferable  that  the  flange  of  c  be  extended 
icated  by  the  dotted  lines  z,  z,  so.  as  to  prevent  the 
tnd  Qatching  against  the  screw-head.'  -r  - ;  •  •  "  -- 
S.  The  wax  ferrule  Ti(,  ^g.  5,  plate/.IY.,  is  one.  of  the 
useful.-  .It  as  deeply  under-cut, inside,, on  the  side 
te  to  N,  and  at  n  there  is  a  broad;  ring,  of  metal  which 
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is  heated  and  covered  with  a  layer  of  sealing-wax.  When 
required  for  use  the  ferrule  is  held  for  an  instant  oyer  the 
lamp  to  melt  the  wax,  and  the  wheel  or  balance  to  be 
operated  upon  is  applied  to  it.  In  detaching  the  object 
press  a  knife-edge  between  the  surfaces  in  contact ;  but,  if 
the  object  is  fragile  or  it  is  desired  to  avoid  all  risk  of 
scratching,  the  ferrule  should  I)e  held  in  strong  tweezers, 
which  are  introduced  into  the  lamp  at  a  short  distance 
above  it.  On  the  wax  becoming  soft  the  object  will  detach 
itself.  The  looser  pieces  of  wax  having  been  removed  from 
the  balance,  &c.,  with  a  piece  of  wood,  the  remainder  is 
dissolved  oS  in  pure  alcohol  (163),  which  will  act  more 
rapidly  when  boiling.  Take  the  object  out  from  time  to  time 
and  clean  with  a  brush  dipped  in  alcohol. 

'  When  used  for  very  delicate  work  it  will  often  saiBoe  to 
cover  the  surface  of  the  ferrule  with  a  layer  of  yellow  or 
white  wax. 

316«  Universal  ferrule  with  driver. — One  form  of  the 
universal  ferrule  is  shown  at  o,  fig.  4,  plate  V. 

On  a  plate  that  is  cut  through  at  the  centre  and  rather 
thin,  with  a  view  to  lightness,  a  brass  star-piece  is  mounted 
on  a  screw,  and  this  is  provided  with  obtuse-angled  or  semi- 
circular notches  of  graduated  size  round  the  edge.  Above 
the  star-piece  a  small  die  slides  between  guides,  being 
impelled  by  a  screw.  The  mode  of  using  the  ferrule  will  be 
evident  from  the  drawing.  When  the  notch  in  the  star, 
that  corresponds  to  the  diameter  of  the  object  to  be  turned, 
has  been  brought  opposite  to  the  die  and  the  star  is 
clamped  by  the  screw  on  which  it  turns,  the  object  is  placed 
between  the  two  and  the  die  is  forced  against  it  by  the 
screw. 

A  modified  form  of  this  is  sometimes  used  in  which  the 
star-piece  is  replaced  by  a  second  die,  when  it  somewhat 
resembles  I  d,  fig.  2,  plate  III. 

The  holes,  1,  2,  8,  4,  in  G,  fig.  4,  plate  V.,  are  to  receive 
the  driving-pin  of  a  loose  pulley  when  turning  with  the 
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wheel ;  and  the  ferrule  Cy  attached  to  the  back^  is  nscfhl  when 
employing  the  bow. 

317.  The  loose  ferrule,  or  drivifig  puUey,  is  shown  at  h,  fig. 
3.  The  small  handle  a  slides  on  to  a  pin  fixed  in  the  &ce  of 
the  poDej ;  it  is  shown  in  plan  at  s.  B j  inserting  the  pin  a  in 
one  of  the  holes,  1,  2,  ^c.,  of  the  universal  ferrule,  it  is 
erident  that  the  motion  may  be  transmitted  to  the  latter. 
It  will  also  be  seen  that,  since  the  pin  a  can  occupy  any 
position  on  the  circular  arc  r  ^,  this  loose  pulley  can  be 
used  with  aU  sizes  of  ferrules  and  carriers  that  do  not  exceed 
it  in  diameter. 

It  IS  to  be  observed  that,  when  turning  near  the  centre  of 
delicate  objects,  the  driver  should  be  very  iree. 

318.  Spring  ferrule. — ^When  only  a  slight  degree  of  force 
is  to  be  applied  to  an  object,  this  form  of  terrule  can  be  used 
irith  advantage,  as  it  can  be  easily  adapted  to  the  work  and 
v&  no  thicker  than  is  essential  for  the  proper  working  of  the 
cord ;  thus  it  would  be  of  special  service  for  polishing  fine 
pvots  or  for  finishing  or  rounding  off  their  ends. 

Take  a  plain  ferrule  of  well-hammered  brass,  and  reduce 
the  thickness  of  the  entire  portion  G  b  (fig.  8,  plate  X.). 
Then  cut  it  nearly  through,  that  is  from  o  to  i,  with  a  fine 
flaw.  This  slit  is  represented  enlarged  in  the  figure  so  as  to 
make  the  details  dear,  but  it  should  not  be  actually  wider 
than  that  formed  by  a  fine  saw. 

319.  Improved  form  of  spring  ferrule. — ^We  have  in- 
troduced the  following  modifications  in  order  to  make  it 
more  generally  usefuL  The  slit  o  t,  which  may  even  be 
continued  still  &rther  down,  is  made  wider,  and  a  screw  e  v, 
passing  through  a  hole  made  through  the  edge  of  the  ferrule, 
as  indicated  by  the  dotted  lines  r,  t,  is  used  to  draw  the  two 
halves  of  the  ferrule  together  and  thus  to  tighten  its  hold  on 
the  work.  If  it  is  desired  that  the  central  hole  admit  of  a 
greater  degree  of  variation,  the  ferrule  must  be  made  of  steel, 
thinned  down  at  the  points  where  flexibility  is  necessary. 
After  cutting  the  diametral  slit,  harden  and  temper. 
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screw  may,  if  preferred,  pass  in  the  direcbion  h  h,  the  rim  of 
the  ferrule  being  perforated  so  as  to  admit  a  BcrewdiiTer 
in  that  direction. 

320.  Ferrule  that  move* .continuously  in  one  direction 
with  a  how, — Thiont,  in  a  work  published  in  1741,  describes 
a  fbsee  that  is  wound  up  whether  the  hand  rotate  to  the 
right  or. left.  The  ferrule  here  described  effects  the  sanie 
result  somewhat  more  dmplj.  .-  ' 

:  A  ferrule,  n,  fig.  14,  plate  X.  hollowed  ont  on  the  side 
towards  c,  is  mounted  so  as  to  run  easilj'  on  a  perforated 
spindle  acb.  It  is  held  in  its  place  by  the  collar  i  on  one 
side,  and  on  the  other  by  the  ratchet-wheel  d  fixed  to  the 
spindle  c.    As  is  seen  from  the  arrangement  of  the  click 


work  at  y,  when  the  gut-band  descends  the  spindle  will  be 
carried  round,  but,  during  its  ascent,  the  click  will  merely 
rotate  round  the  ratchet,  providing  a  certain  amonnt  of 
resistance  is  opposed  to   the  revolntion  of  the  spindle. 

The  ratchet  n  of  the  itrruie  E  is  also  fixed  to  a  c  aod 
received  in  a  recess  in  e.  The  ferrule  rotates  freely,  beis^ 
held  in  its  place  between  the  ratchet  and  the  collar  «  a  whidi 
is  firmly  attached  to  the  spindle.  It  will  thus  be  seen  that 
the  two  ratchets,  which  face  each  other,  will  produce  a 
revolution  of  the  spindle  in  the  same  direction. 
- :  .  In  using  this  double  ferrule,  two  cords  must  be  attached  to 
one  bow,  the  same  distance  apart  as  are  s  and  E.  -  If.  now 
an  arbor  h^  passed  through  in  the  direction  jj  and  fixed  by 
the  screw  at  v,  and  if  these  two  cords  be  passed  ronud  the 
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ferrules  so  that  one,  for  example  that  on  n,  crosses  at  the 
front,  and  that  onn  crosses  at  the  back,  the  axis  will  be 
fonnd  to  revolve  in  a  constant  direction  whether  the  bow 
ascends  or  descends.  •  -       -       i 

r  • 

The  ratchets  are'diown  between  the  ferrules,  but  it  would 
be  more  convenient*  to  place  them  against  the  outer  faces  ; 
their  movement  can  be  made  very  smooth.  .    . 

If  a  circular  intermittent'  motion  is  desired  it  may  be 
obtained  by  fixing  at  c  a  ratchet  with  which  a  click  engages 
whose  centre  of  motion  is^arried  on  a  detached  ferrule,  and 
only  this  one  ferrule  would  be  necessary.  Assuming  cords  to 
be  on  both  the  ferrules,  they  must  cross  on  the  same  stdel 

32L  Balance  ferrule, — Figure  12  represents  a'conveiiient 
form  of  ferrule,  especially  adapted '  for  holding  ordinary 
balances.  It  is  made  of  steel,  the  face  being  recessed  as 
indicated  by  thfe*  shady  portion  of  the  drawing,  a,  6,  and  c 
are  three  slots  cdt  in  the  rim  that  is  left,  and  they  are  con-  * 
tinned  round  the  periphery  in  a  wedge-shaped  undercut 
to  the  points  indicated  by  the  dotted  lines.  Having 
placed  the  balance  on  the  ferrule  with  its  three  arms  in  the 
slots,  it  is  twisted  in  the  direction  of  the  arrow  until  firmly 
^pped.  Care  must  be  taken  that  the  extension  of  the  slots 
is  in  such  a  direction  that  the  pressure  of  the  graver  in  turning 
tends  to  tighten  the  arms,  and  they  should  be  near  the  fieu^ 
of  th6  ferrule  so  as  to  4i||^  of  a  little  springing  ;  for  com- 
pensation balances  of  comrse  only  two  notches  would  be 
required. 

» 

GRAVERS  AND  OTHER  HAND-TURNING  TOOLS.   * 

322.  For  details  as  to  the  pr\?cautions  to  be  adopted  in 
turning  with  the  ordinary  graver,  the  reader  is  referred  to 
articles  226 — 8  in  Part  III.,  and  as  regards  the  sharpening 
of  gravers,  see  articles  396 — 8. 

323.  Hooked  gravers. — It  is  needless  to  do  more  than 
mention  the  gravers  that  every  watchmaker  is  in  the  habit  of 
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making  of  wom-ont  iiles,  of  varions  fonns  to  snit  his  special 
requirements  :  but  we  would  remind  learners  that  care  is 
essential  in  fixing  the  position  of  the  rest  and  the  inclination 
that  has  to  be  given  to  the  tool  so  as  to  obtain  a  smooth 
surface^  and  at  the  same  time  a  rapid  removal  of  metal. 

The  most  usual  forms  of  the  hooked  graver  are  shown  in 
fig.  6,  plate  X.  A  will  serve  to  hollow  out  a  plate,  barrel^ 
&c.  ;  B  for  turning  the  bottom  of  a  barrel  without  touching 
the  hook  ;  c  for  forming  a  barrel-cover  groove  after  it  has 
been  roughed  out  with  an  ordinary  graver.  The  bottom  of 
a  barrel  can  also  be  turned  with  a  graver  of  the  form  D  held 
on  the  T-rest  at  right  angles  to  the  bottom,  and  a  slide- 
rest  cutter  can  be  made  of  this  form  with  advantage. 

Some  workmen  incline  the  end  cutting  face  of  a  slightly 
backwards  from  the  perpendicular  to  d  d,  fearing  lest,  in 
sharpening,  it  should  accidentally  be  made  to  indrne  in  the 
other  direction,  and  so  make  it  difficult  to  form  internal. 
square  comers. 

324.  Gravers  for  turning  square  shoulders,  &c. — 

Very  few  watchmakers  are  able  to  finish  ofT  a  square  shoulder 
by  using  a  graver  with  the  usual  point :  as  a  rule,  when  they 
are  smoothing  the  suiface  of  the  pivot  they  allow  the  point 
to  cut  a  ring  in  the  shoulder,  and  if,  instead  of  being  sharps 
the  point  is  dull,  a  rough  groove  is  the  result. 

To  avoid  such  a  fault  it  is  a  coviinon  practice  to  employ 
gravers  with  very  short  faces,  but  their  inconvenience  is 
evident.  It  is  much  better  to  retain  the  long  lozenge- 
shaped  face,  but  with  the  point  modified,  as  indicated  by  B  or 
0,  fig.  7,  plate  X. 

The  ordinary  point,  shown  at  a,  can  be  used  for  cutting 
the  back  slope  of  a  shoulder,  b  for  forming  the  square- 
shouldered  pivot,  and  c  for  bevelled  shoulders.  The  inclina- 
tion of  the  face  e  d  of  B  may  vary,  the  angle  e  being  more 
or  less  acute,  according  as  more  or  less  use  is  required  to  be 
made  of  the  point.  This  form  of  graver  has  the  double 
advantage  that  a  pivot  can  be  turned  and  smoothed  at  one 
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apoatioiiy  very  little  polishing:  being  needed.  Moreover,  the 
point  is  less  fragile,  and  sueh  a  jrraver  combines  the  advan- 
tages of  those  with  pointed  and  square  ends. 

The  length  of  this  small  face  depends  on  the  work  required 
of  it :  thus  for  making  a  cylinder  pivot  it  mav  be  abi>ut  a 
thizd  the  kngth  of  the  pivot ;  this  is  found  convenient  for 
ensoring  that  the  pivot  shall  be  of  uniform  diameter.  The 
direction  to  be  given  to  the  face  is  indicat<Ml  bj  the  dotted 
line  «  d^  and  a  losenge-shaped  graver  is  preferable  to  one  of 
sqiure  section  fof  this  purpose.  This  direction  e  d  is  verj 
important^  and  firequent  trial  should  be  made  so  as  to  ensure 
its  being  always  produced. 

The  form  c  for  bevelling  off  a  shoulder  does  not  call  for 
explanation. 

Although  of  less  importance  than  when  turning  with  the 
dide-iesty  the  cutting  angle  of  the  graver  sliould  corres()ond 
with  the  nature  of  the  metal  o(>erated  on.  In  reference  to 
this  question  see  article  287. 

825.  Spherical  turning  tool. — ^  ^eiy  simple  and  con- 
venient tool  for  forming  a  sphere  of  metal  may  be  made  by 
taking  a  hardened  steel  tube  whose  internal  diameter  is  less 
than  that  of  the  sphere  to  be  produced.  This  is  ground 
sqnaie  and  flat  at  one  end,  and  sharpened  by  rubbing  this 
flat  end  on  an  oilstone.  The  tool  is  moved  alK)ut  over  the 
sorfiioe  of  the  ball,  previously  roughed  out>  and  a  perfect 
sphere  will  soon  be  obtained,  the  metal  being  removed  by 
the  internal  edge  of  the  tube.  If  a  steel  tube  is  not  acces- 
sible itwiU  be  enough  to  drill  a  hole  in  the  end  of  a  softened 
wom-ont  file,  subsequently  hardening  it. 

DRILLS. 

326.  The  forms  ordinarily  adopted  for  the  blades  of  drills 
are  diown  at  a  and  c,  fig.  2,  plate  IV.  The  form  c  is  best 
suited  for  perforating  brass  and  other  metals  having  a 
similar  degree  of  hardness.    The  blade  must  not  be  too 
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tiiick;'as;  if  it  were,  there  would  not  be  a  sufficient  cutting 
edge.lwnAs'.the  hardness  of  the  metal  operated  on  is  greater, 
the  thickness  of  the  blade  must  proportionately  inccease,'  or, 
what  amounts  to  the  same,  the  two  slopes  (that '"give -the 
catting  edges  must  have  a  less  degree  of  inclination.'  t  If -this' 
condition  of  sufficient  thickness  be. satisfied  by  a  drill  "of* the 
form  c,  it  will  perforate  steelvery  well,' but 'its  point'  will- 
rapidly  wear.    When  operating' on  this  metal,  therefi)re,-the • 
form  A  is  preferable;  especially  when  the  steel  is  at  laU^hEtd: ' 
such  a:dfill^ith  the"  corners  rounded  off  and  sharpened  will 
last  for  a  long-time,' if: the  cutting  angles  are  not  too  acute. 
If  the  metal  is  not  hard,  more  rapid  progress  may  be  made 
by  adoptiug  a  blade  less  flattened  than  a,  that  is  to  say^ 
something  intermediate  between  A  and  c. 

A  drill  may  be  asserted  to  be  good  if  it  satisfies  the 
following  conditions :  the  point  must  be  in  the  middle  of 
the  blade  ;  it  must  be'  made  of  good  steel  that  is  carefaUy 
hardened,  without  being  heated  beyond  the  proper' tempera- 1 
ture  ;  lastly,  it  must  be  quite  true-r-in' other' wprds,' in 
rotating,  it  must  run  with  sufficient  truth  throhghont  its 
entire" length  that  it  withstands  the  end  pressure  required  to 
cause  it  to'bite. and  does  not  bend.    ■     .  -  »*  j  -s/  w  .  -  i ..  j 

327.  It  must  not  be  forgotten  that :  (l)»if  a  drill  is 
driven  too  rapidly  it  will  heat,  and  thus  become  softendd- 
as  though  ^  too  .much  tempered;  it  isi^wilh'i  a'Ivitfw.*to 
prevent  this :that,. when  operating  upon  iron  or  steel/  many 
workmen  now  and -then  .'dip  the  drill  into;  a  cold  liqnid 
(turpentine' is  good  for.  this  pufpo^), .  dry  it,  and  re- 
commence drilling,  the.hole  being.' liberally,  supplied  with 
oil ;  (2)  when  the  blade  is  left  too  hard,  the  cutting  edge 
too  acute,  or  if  a  feather  edge  has  J)een  left  by  the  oilstone, 
small  hard  particles  that  are  detached  from  the  drill  will 
embed  themselves!  in  the  hole",  and  this  will  be  especially  the 
case  ifi»ittisLwx)rked.too*rapidly  or  with  jerks;  such  particles 
render  the  operation*  of  drilling  very  slow  and  difficult :  (8)  . 
and,  lastly,-  for  a  given  throw  of  the  bow,  the  velocifcyi*  . 


DBILLING  HABD  STEEL.  225 

increases  as  the  diameter  of  ferrule  is  reduced,  and  the  force 
applied  increases  with  this  diameter  and  the  tension  of  the 
string  of  the  bow. 

828.  To  drill  steel  of  a  blue  temper.— At  first  not 

mnch  difficulty  will  be  experienced,  but  when  the  drill 
reaches  a  certain  depth  and  the  metal  seems  to  oppose  a 
gradoally  increasing  resistance,  the  operation  must  at  once 
be  stopped.  If  the  blade  of  the  drill  be  now  examined  with 
a  glara  it  will  be  easy  to  see  which  points  have  ceased  to 
cat,  producing  instead  a  series  of  bright  rings  at  the  bottom 
of  the  hole  that  are  very  difficult  to  remove.  Exchange  the 
drill  for  one  of  a  different  form,  or,  without  reducing  its 
width,  change  the  form  of  the  blade ;  if  it  was  arrow- 
headed,  for  example,  make  it  a  semi-circle,  or  semi-oval,  or 
chisel-shaped  with  sloping  edges.  All  that  is  essential  is 
that  the  form  be  so  changed  that  the  bright  portions  of  the 
Bm&ce  shall  be  gradually  removed,  and  that  no  attempt  be 
made  to  act  on  the  whole  bright  surface  at  once.  Until  this 
hard  portion  is  removed,  the  blade  will  require  frequent 
sharpening. 

Some  authorities  recommend  that  the  hole  be  moistened 
from  time  to  time  with  dilute  nitric  acid,  which  is  then 
washed  off,  and  renewed  when  a  shiny  surface  is  produced. 
Oil  can  with  advantage  be  replaced  by  turpentine  as  a 
lubricant  for  the  drill-blade. 

The  formation  of  hard  shining  sur&ces  is  attributed  to 
three  causes :  (1)  to  the  cutting  edge  being  rounded, 
loUing  as  it  were  and  hardening  the  surface  of  the  metal 
agamst  which  it  continues  to  move  ;  (2)  to  the  drill  being 
made  of  bad  steel  or  imperfectly  hardened^  so  that  small 
particles  break  off  and  are  embedded  in  the  metal  operated 
upon ;  and  (3)  to  a  deficiency  in  the  supply  of  oil,  or  an 
exoessive  velocity  of  rotation  of  the  drill. 

These  difficulties  may  usually  be  avoided  by  observing 
the  following  precantions  : — 

329.  Blade  of  the  drill. — This  should  ]jq  neither  as  thin 

Q 


t 
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nor  as  acute  as  is  used  for  driUing  brass.  Its  angle  shonld 
never  be  less  than  100^  and  the  incline  shonld  be  at  about 
45°.  The  forms  generally  employed  are  shown  in  fig.  8, 
plate  Xlll.y  at  A^  B  and  c.  At  first  the  form  A  is  used, 
andy  as  the  operation  progresses^  it  is  modified  with  an 
oilstone  slip. 

330.  Drilling  slowly  with  considerable  pressure, — If  the 
drill  rotates  too  rapidly  or  there  is  not  sufficient  oil,  the 
sor&ces  of  contact  will  be  heated  and  shining  rings  will 
form.  It  is  well  to  practise  slightly  varying  the  throw  of 
the  bow^  in  accordance  with  the  pressnre  applied  ;  the  stroke 
shonld  be  more  decided  when  the  pressure  is,  for  the  instant, 
comparatively  great.  With  continuous  rotation,  as  when  a 
fly-wheel  is  used,  considerable  pressure  should  be  applied 
with  moderate  velocity.  Constantly  remove  the  driU  to 
sharpen,  clean  the  hole  and  have  an  abundant  supply  of  oiL 
Whatever  liquid  is  most  effective  in  maintaining  the  drill 
cool  will  probably  be  the  best ;  turpentine  is  better  than  cSl, 
since  it  has  the  additional  advantage  of  increasing  the 
^'bite^ofthedriU. 

331.  Tkf"  part  against  wJdch  the  drill  acts  should  he  very 
rigid. — For  example,  if  a  hole  is  being  made  for  a  pivot  in  a 
cylinder  ping  which  is  not  provided  with  a  shellac  backing, 
and  is,  therefore,  flexible,  the  operation  will  be  more  tedions 
than  when  the  cylinder  is  filled  with  shellac. 

The  firmness  is  always  greater  when  the  object  is  centred 
about  the  point  to  which  the  drill  is  applied. 

332.  Making  the  drill. — ^The  very  best  steel  should  be 
used,  and  the  precautions  indicated  in  article  87  should  be 
taken  in  the  hardening.  If  the  steel  is  burnt  in  this  prooeas, 
no  satisfactory  results  are  to  be  expected  of  it.  To  avoid 
such  a  danger  it  is  often  advisable  to  leave  the  blade  nearly 
round  and  thicker  than  is  required,  finishing  with  a  piece  of 
oilstone.  Although  somewhat  more  tedious,  this  method 
has  the  advantage  of  ensuring  that,  after  hardening,  all  the 
metal  that  is  most  liable  to  have  been  burnt  is  removed. 
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The  drill  most  be  short,  the  blade  being  thick  and  not 
much  reduced  at  the  shoulder,  in  order  to  stand  pressure 
when  in  use.  A  drill  that  has  been  several  times  hardened 
is  rarely  good. 

833.  Finished  drills. — ^We  would  here  draw  the  atten- 
tion of  watchmakers  to  some  beautifully  made  drills  that  have 
recently  been  introduced  and  are  known  in  the  trade  as 
*' finished"  drills,  in  contra-distinction  to  the  well-known 
pivot  drills  that  are  always  sold  in  the  rough.  They  arc  of 
two  forms,  corresponding  to  A  and  c,  fig.  2,  plate  IV.,  for 
«teel  and  brass  respectively  ;  they  are  made  of  the  best 
steely  carefully  hardened  and  tempered  to  the  requisite 
degree ;  and  a  principal  recommendation  consists  in  the 
&ct  that,  while  being  moderate  in  price,  they  are  of  definite 
graduated  sizes,  extending  from  0*1  mm.  to  2*5  mm.  (0*004 
to  0*1  inch),  a  range  which  comprises  37  distinct  sizes. 
Such  a  set  will  lend  itself  admirably  to  the  formation  of  the 
gauge  described  in  article  309  ;  indeed,  we  believe  the 
manufacturers  of  these  drills  supply  screw-plates  with  holes  of 
corresponding  sizes. 

334.  Semi-cylindrical  drills.— These  drills  give  ex- 
cellent results  when  driven  by  a  wheel,  and,  although  they 
have  been  long  in  use  by  engineers,  they  are  hardly  known 
to  watchmakers. 

The  simplest  form  is  a  cylindrical  rod  rounded  at  its  end 
and  then  filed  down  to  a  trifle  less  than  half  its  thickness, 
as  seen  Skthd  and  I  ^,  fig.  2,  plate  lY. 

The  length  of  the  point  is  greater  or  less  according  to 
the  nature  of  the  metal  to  be  operated  upon,  but  under  no 
circumstances  must  the  point  itself  be  sharp.  With  the 
form  shown  at  b  d,  some  of  the  rod  that  is  left  cylindrical 
must  be  partially  filed  away  ;  a  better  shape  is  indicated  by 
the  dotted  lines,  all  the  metal  being  removed  that  is  outside 
the  line  i  L  With  such  a  drill  the  hole  is  smoothed 
immediately  after  it  is  made  by  one  or  the  other  cutting 
edge  of  the  portion  i  I.    It  should  be  sharpened  on  the 
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round,  not  on  the  flat  surface  (or  at  any  rate  very  slightly)  ^ 
because  the  thickness  would  be  rapidly  reduced  and  the 
blade  made  smaller.  When  such  a  drill  does  not  turn  true 
the  back  of  the  blade  can  be  reduced,  starting  from  the 
cutting  edge,  it  being  observed  that,  with  the  continuous 
motion  of  the  wheel,  only  one  edge  acts.  After  a  few  trials 
it  will  be  found  easy  to  use  this  form  of  drill. 

It  possesses  this  yery  great  advantage  :  when  fixed  in  a 
drill-chuck,  it  can  be  turned  exactly  round,  of  the  required 
diameter  and  finished  ;  so  that,  whenever  replaced  in  the 
chuck,  one  can  be  certain  beforehand  that  the  hole  drilled 
will  be  of  a  definite  diameter. 

335.  Fig.  2,  plate  V.,  shows,  at  c  and  d,  another  form  of 
semi-cylindrical  drill ;  the  first,  c,  is  a  front  and  the  second 
a  side  view.  The  angle  a  is  formed  by  a  sloping  semicircle 
and  the  stem  of  the  drill  is  of  less  diameter  than  the  head, 
as  indicated  by  the  shoulder  j.  The  angle  t  8  r  and  the 
one  between  the  face  d  and  the  plane  h  a' must  not  be  too 
acute. 

This  drill  works  evenly,  but  two  conditions  must  be 
satisfied ;  it  must  be  maintained  perfectly  true  by  the  chuck, 
and,  in  commencing,  both  sides  of  the  blade  must  engage 
against  the  sides  of  a  conical  opening  that  forms  the 
beginning  of  a  hole  which  has  to  be  enlarged. 

336.  At  F  and  n  m,  fig.  2,  plate  V.,  are  seen  front  and 
side  views  of  another  form  of  drill.  While  acting  in  a 
similar  manner  to  the  others  described  above,  it  differs  from 
them  in  that  the  blade  also  cuts  with  its  two  sides ;  the 
^ges,  py  y,  i,  0,  are  sloped  off  backwards]  to  form  cutting 
angles.  The  shape  is  indicated  to  the  right^of  M,  this 
portion  being  the  exact  inverse  of  the  side  N. 

As  with  the  drills  previously  considered,  a  few  trials  mnsfc 
be  made  to  decide  upon  the  best  slopes  for  the  cutting 
angles,  &c.,  according  to  the  metal  operated  upon.  They 
may  be  retained  as  left  by  the  lathe,  or  very  slightly 
inclined,  on  the  faces  y  and  *.    All  these  forms  of  drill 
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zeqoire  to  be  moDnted  bo  as  to  ran  reiy  trac.  The  point  o 
must  be  accnrately  central. 

A  hole  that  has  been  already  drilled  small  can  be  rapidly 
enlai^ed  by  snch  a  drill  as  this  last,  the  pin  o  having  the 
same  diameter  as  the  one  originally  drilled. 

Certain  details  in  regard  to  the  precautions  thatahonldbe 
taken  in  order  to  ensure  that  a  hole  nuy  be  drilled  straight 
wfll  be  fonnd  in  article  572 — 7. 

MISCELLANEOUS  SMALL  TOOLS. 

337.  Screw-head  sinking  tool.— This  is  osnally  a 
cylindrical  arbor  provided  with  a  fermle  and  terminating  at 
tiie  opposite  end  in  a  cutting  edge  resembling  a  screw-driver 
with  a  pin  projecting  from  its  centre.  A  collet  slides  on 
the  arbor  and  can  be  fixed  in  any  position  to  limit  the  depth 
«f  the  hole  made  by  the  driU ;  see  gj,  tig.  1,  plate  IV. 

A  series  of  these  should  be  made  of  varying  diameters ; 
ihen  perforate  a  brass  plate  with  holes  into  which  the  gnide- 
pins  of  the  tools  will  enter,  and  cnt  with  them  a  number  of 
dnlEs,  nnmbering  them  to  correspond  with  the  ferrules  of  the 
unking  tools.  The  plate  can  then  be  nsed  as  a  gauge  for 
measuring  the  beads  of  screws. 

It  is  often  advisable  to  have  a  second  series  of  cutters 
provided  with  catting  edges  of  the  form  shown  at  y" ;  they 
«re  for  nse  when  operating  upon  steel.  The  tool  g  j  can 
«1bo  be  employed  for  this  purpose,  but  it  will  be  found  to 
wear  rapidly. 

338.  Sinking  tool  with  guide. — This  is  well  known  to 
watchmakers.  It  comprises  a  perforated  portion  E  with  a 
foot  projecting  at  right  angles.  A  pointed  runner  is  passed 
thiongb  E  and  into  the  hole  that  requires  a  sink,  thus 
■centring  the  cannon  e,  which  should  be  clamped  in  position 
by  a  band-vice,  or  the  foot  of  e  is  at  times  provided  with  a 
clamping  screw  after  the  manner  of  the  tool  shown  at  p., 
fig.  15,  plate  Till,  (see  article  660).    The  pointed  mnner 
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is  now  replaced  by  a  cutting  tool  which  is  driven  by  a  bow, 
the  outer  end  being  inserted  in  one  of  the  holes  at  the  side 
of  the  bench  vice. 

Above  the  tube  e  the  arbor  is  fitted  with  a  collet  similar 
toj  (same  figure)  by  the  position  of  which  the  depth  of  the 
sink  is  determined. 

When  this  tool  is  used  for  forming  oil-cups,  the  end  of 
the  drill  should  have  one  of  the  forms  referred  to  in  the 
succeeding  paragraph,  as  is  indicated  to  the  right  of  E,  fig. 
1,  plate  lY. ;  but  it  is  to  be  remarked  that  oil-cups  are  made 
much  better  in  the  lathe. 

339.  Oil-cup  drills  or  chamfering  tools.— The  reser- 
voirs that  contain  a  supply  of  oil  at  the  ends  of  pivot-holes 
are  made  in  the  mandril  with  a  semi-cylindrical  drill  or  by 
hand  with  a  chamfering  tool  of  the  form  shown  at  b  or  c^ 
fig.  11,  plate  IV.  A  drill  gives  a  clean  cut,  but  necessitates 
a  subsequent  polishing  of  the  'hole ;  as  to  the  chamfering' 
tool  here  referred  to,  some  inconvenience  will  be  experienced 
in  its  use,  owing  to  the  point  being  apt  to  jump  out  of  the 
hole  and  make  irregular  scratches  on  the  brass,  which  are 
difficult  to  remove. 

The  best  shapes  of  drill  for  making,  or  at  any  rate  for  re- 
forming or  finishing,  oilcups  are  shown  at  n  and  F,  fig.  11^ 
and  in  fig.  3,  plate  IV. 

D  and  p  are  two  drill-blades  that  terminate  in  non-cutting 
circular  arcs.  The  flat  curved  end  is  more  and  more 
inclined  from  the  top  towards  the  corner,  from  i  towards  the 
side  e ;  the  angle  at  i  becoming  more  acute,  and  e  more 
obtuse  towards  the  corners.  The  drill  will,  of  course,  only 
cut  when  rotating  in  one  direction  ;  in  the  other  direction 
the  obtuse  angles  and  the  reverse  sides  of  the  cutting  angles 
will  act  as  burnishers.  Thus  if  the  angles  on  either  side  are 
well  formed  and  the  blade  has  been  polished,  the  surface  of 
the  oil-cup  will  be  clean  cut  and  polished. 

F,  fig.  11,  is  similar  to  d,  but  made  from  a  steel  rod. 
Owing  to  an  error  on  the  part  of  the  engraver,  the  blade  is 
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represented  too  thick,  especially  towards  the  smnmit  where 
its  thickness  should  gradually  decrease.  Fig.  3  of  the  same 
plate  will  be  described  in  the  next  paragraph  but  one. 

340.  Observations  on  mahi)ig  the  oU-cups. — Reservoirs 
fiiat  are  made  with  a  bow  and  drill,  or  with  a  chamfering 
tool  by  hand,  will  often  be  found  to  be  excentric,  and,  when 
a  pivot-hole  is  bushed  and  re-drilled,  it  proves  to  be  struck 
ttom  a  different  centre  from  the  oil-cup.  In  such  cases 
watchmakers  often  give  themselves  endless  trouble  without 
securing  a  cup  of  good  form  and  well  centred.  This  difficulty 
can  be  avoided  by  using  the  tool  in  a  lathe  driven  by  a 
wheel;  then,  holding  the  plate  in  one  hand  square  and 
oentred  by  means  of  a  runner  in  the  opposite  poppet-head, 
advance  this  runner  with  the  other  hand  so  as  to  bring  the 
plate  in  contact  with  the  drill. 

If  only  a  bow  lathe  is  accessible,  make  a  plate  runner  of 
the  form  shown  at  t,  fig.  7,  plate  IV.,  and  hold  the  plate  of 
the  watch  or  timepiece  against  it  by  hand  or  by  dogs 
arrai^ed  for  the  purpose.  The  centre  can  be  determined  in 
two  ways  :  either  from  behind  by  means  of  a  pump-centre 
in  the  body  of  the  runner,  or  from  the  front  by  a  pointed 
centre  in  the  opposite  poppet-head.  In  the  latter  case  the 
pointed  centre  would  have  to  be  replaced  by  a  drill-holding 
runner  (h  f,  fig.  2,  plate  III.)>  aiid  the  oil-cup  can  then  be 
easfly  corrected  or  made  ;  the  operation  is  further  facilitated 
by  fixing  an  adjustable  collet  on  A  to  determine  the  amount 
of  penetration  of/. 

When  it  is  only  required  to  correct  the  form  of  an  oil- 
cup,  &e  drill  may  be  replaced  by  a  rod  with  file  cuts  on  its 
rounded  extremity  (h,  fig.  11,  plate  IV.).  The  reader  will 
find  no  difficulty  in  making  such  a  cutter  for  himself, 
drawing  a  file  with  both  hands  over  the  rounded  end,  but 
always  in  the  direction  of  the  file-cuts.  After  covering  the 
Bur&ce  with  lines  in  this  manner,  rotate  the  cutter,  through 
a  right  angle  and  form  a  number  of  cross  cuts.  Or  roughen 
the  surface  with  a  chisel  of  the  form  shown  at  h  :  after 
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making  a  few  cuts  parallel  to  each  other,  turn  the  chisel 
through  an  angle  and  repeat  the  operation.  Yet  another 
and  more  exact  method  can  be  adopted  which  will  be 
given  in  the  description  of  the  making  of  wheel  cutters 

(465,  &c.). 

341.  Chamfering  tool. — As  is  well  known,  this  is  used 
for  removing  the  roughness  that  a  drill  leaves  at  the  edge  of 
a  hole,  or  to  take  off  the  cutting  edge  round  a  screw-head 
sink,  &c.,  thus  foiming  a  bevel-edge.  The  tool  commonly 
has  a  flat  semicircular  blade  the  diameter  of  which  depends 
on  the  size  of  hole  to  be  made  ;  this  semicircle  is  ground  to 
a  cutting  edge  like  a  drill,  as  shown  at  A,  fig.  11,  plate  IV. 
Chamfering  tools  are  also  made  pyramidal  with  flat  &ce8  as 
at  B  and  c ;  the  angle  at  the  apex  is  more  or  less  acute 
according  to  the  depth  of  chamfer  required. 

The  oil-cup  drills  d  and  p  are  also  used  for  chamfering 
the  edge  of  a  hole. 

A  cone  formed  at  the  extremity  of  a  piece  of  pinion  wire 
with  a  cutting  edge  on  each  leaf  and  hardened  will  be  found 
very  useful  for  this  purpose. 

342.  The  two  forms  of  chamfering  tool  first  described 
leave  a  series  of  undulations  on  the  bevel  edge,  so  that, 
instead  of  being  conical,  it  presents  a  number  of  small  &cet6. 
This  inconvenience  can  be  avoided  by  using  the  tool  shown 
at  z,  fig.  8,  plate  IV. 

A  small  disc  of  hai'dened  steel  is  pivoted  within  a  recess 
formed  at  the  end  of  a  rod,  the  pin  on  which  it  rotates  being 
at  right  angles  to  the  direction  of  the  rod.  As  is  seen  in 
the  figure  to  right  of  z,  the  section  of  this  roller  is  a  rectangle 
and  the  surface  is  carefully  polished,  the  edges  being  left 
sharp.    It  may  be  worked  by  hand  or  with  a  bow. 

Glockmakers  make  use  of  a  tool  for  forming  oil-cups  that 
only  differs  from  the  one  above  described  in  two  particulars  : 
(1)  The  disc  is  fixed  on  its  axis  ;  and  (2)  the  edge,  instead 
of  being  square  to  the  two  faces,  is  inclined  as  shown  at  j 
and  at  the  same  time  is  slightly  rounded  crosswise. 


k 


CHAMFEBINO  TOOLS.  333 

A  &w  trials  will  be  foand  necessary  bcfoie  the  most 
conYenient  thickness  and  inclination  of  edge  are  arrived  at. 

343. 'Hollow  chamfering  tools.— These,  as  is  well 

known,  are  nsed  for  removing  the  angles  at  the  ends  of 
cylindrical  rods,  of  steady-pins,  &c.,  or  for  rounding  them 
off.    Three  forms  are  shown  at  o,  q,  n,  fig.  11,  plate  IV. 

o  is  a  round  rod  the  flat  end  of  which  has  been  filed 
across  with  the  corner  of  a  triangnlar  file.  Fonr  cutting 
edges  are  thos  produced  which  will  act  on  the  end  of  any 
object  that  rotates  within  them,  or  vice  versa.  If  it  be 
required  to  form  a  very  acute  angle,  two  slits  must  be  cut 
with  a  screw-head  file  and  the  sides  afterwards  inclined  to 
the  required  extent  with  a  fiat  file.  This  tool  will  serve  a 
doable  purpose.:  (1)  to  chamfer  off  the  edge  of  a  rod  ;  and, 
(2)  by  prolonging  this  operation  to  form  a  point  at  the  end. 

As  a  rule  when  it  is  desired  to  round  off,  say,  a  pillar  of 
a  clock  after  reducing  its  length  or  from  any  other  cause, 
a  hollow  chamfering  tool  of  very  open  angle  is  used,  a 
rocking  motion  being  imparted  to  it  round  the  axis  of  the 
spindle  :  it  is  better  to  use  a  tool  of  the  shape  shown  at  if 
org.  The  latter,  q,  is  easily  formed  by  strokes  of  a  rat-tail 
file  at  right  angles  across  its  end ;  the  other,  N,  is  cut 
internally  with  a  shaped  chisel  or  with  a  small  rotating 
cutter  to  which  different  inclinations  are  given  during  the 
cutting,  as  is  also  done  when  using  the  chisel. 

344.  The  tool  shown  at  o,  fig.  11,  plate  lY.,  has  been 
modified  as  follows  by  M.  Roze.  The  two  notches  at  right 
angles  are  replaced  by  three  equidistant  notches  of  equal 
depth.  To  make  these  in  a  piece  of  round  steel  it  should  be 
divided  on  the  circumference  into  six  equal  parts  ;  then  cut 
the  three  notches  as  follows.  Calling  the  points  marked  on 
the  circumference  1 , 2,  3,  4,  5,  G,  one  notch  will  lie  parallel 
to  the  line  joining  1, 3  and  equidistant  between  this  line  and 
the  point  5  ;  a  second  will  be  parallel  to  3,  5  and  midway 
between  that  line  and  point  1,  and  the  third  will  be  parallel 
to  5^  1  and  midway  between  this  and  the  point  3. 
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In  a  hollow  chamfering  tool  thus  constructed  it  will  be 
found  that  only  the  three  long  sides  1,  3,  5,  actually  cat  and 
at  2, 4  and  6  are  short  sides  that  are  set  back.  Butf  when  a 
file  is  laid  on  the  face  joining  two  of  the  former  sides,  say 
1,  3,  the  short  faces  4,  6,  will  protect  the  cutting  edge  5 
from  contact  with  the  file. 

345.  Sinks  for  bow  screw-heads. — In  re-forming  or 

making  the  sink  in  a  bow  of  a  watch-case  for  the  screw- 
head,  the  hole  will  almost  always  be  found  to  be  excentric  if 
an  ordinary  drill  is  employed.  This  inconvenience  can  be 
avoided  in  the  following  manner. 

On  a  cylindrical  rod  or  arbor,  nah,  fig.  2,  plate  XIII., 
that  enters  without  play  the  two  holes  in  the  bow,  fit  a 
small  perforated  cylinder  c  (shown  enlarged  at  c)  that  shonld 
be  lightly  held  by  friction.  It  must  be  turned  down  to  the 
size  of  a  screw-head  and  filed  to  a  cutting  edge  at  d,  then 
hardened  and  set. 

Having  mounted  a  ferrule  on  the  cylinder,  slide  both  it 
and  the  bow  on  to  the  spindle,  which  is  then  placed  between 
the  centres  of  the  turns,  in  the  manner  indicated  in  fig.  2. 
Then  press  the  bow  with  the  left  hand  against  the  cutting 
edge  of  the  cylinder,  maintaining  it  in  rotation  with  a  bow, 
and  the  sink  will  be  cut.  The  depth  of  this  sink  may  be 
determined  upon  previously,  either  by  a  stop  fixed  on  the  rod 
n  aB,t  about  s,  or  by  the  position  of  the  ferrule  on  c. 

346.  The  cylindrical  cutter  of  screw-driver  form  canses 
much  •*  chattering  "  when  the  operation  commences  ;  it  is 
better  to  make  at  least  four  cutting  edges,  filing  the  portion 
d,  while  stiU  round,  at  a  certain  angle  with  a  rat-t^  file  to 
form  the  edges.  Or  the  face  d  can  be  cut  like  a  file  either 
by  a  chisel  or  by  drawing  a  file  over  it :  the  cuts  must, 
however,  be  in  two  directions  at  right  angles. 

The  following  is  a  convenient  mode  of  making  the  cuts 
with  a  file  : — 

Fix  a  double  guide  over  a  flat  file,  l,  fig.  2,  plate  XIII., 
parallel  to  the  cuts,  the  distance  apart  of  these  guides  being 
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d^ermined  by  the  thickncES  of  the  cylinder,  c,  which  u  held 
in  a  fltrong  screw-ferrule  in  both  hands  ho  as  to  be  moved 
backwards  and  forwards  between  the  guides  until  the  cuts 
are  well  formed  on  its  extremity  :  it  is  convem'ent  to  arrange 
tJiat  tbe  ferrule  shall  then  rest  on  the  guides.  A  ferrule  is 
qmte  sufficient  for  this  purpose,  although  still  Ix^ttcr  results 
are  obtained  by  substituting  a  cap  that  ensures,  \fy  resting 
on  the  guides,  that  the  end  of  c  is  perpendicular  to  its  axix, 

A  simpler  method  consists  in  fixing  c  in  the  vice  and 
dxawing  the  file  with  attached  guide  backwards  and  fonrards 
OTET  its  snr&ce  sereral  times.  This  mode  is  very  good  for 
cotdng  the  rounded  end  of  a  steel  rod,  described  in  article 
34O9  for  re-forming  oil-cups  when  the  chamfering  tool  has 
"dbatteed." 

847.  Tool  for  centring  rods.— These  apjJianoes  are 
vdl  Imown  to  watchmakers,  who  often  employ  them  for 
ipariring  the  podtion  of  the  hole  in  bra^s  wire  when  making 
boadkODB  or  stoppings  (625.)  It  is  adTkable  Uj  hare  such 
a  tod  somewhat  large,  abont  a  third  a£  large  again  as  that 
Affwn  al  s  r,  fig.  11,  plate  IT. 

Hie  head  of  the  centring  pucch  or  ddU  is  fiidd  fiat  on 
fa&er  ode,  and  this  ^satex^  portion  p&SB^  into  a  notch  in 
'Sbt  i|iiiig  r  which  TrajntAiTis  jt  in  pofijtion  and  prei'ent£ 
Tvistkm  when  the  msji^ubn-yJmUA  blade  is  yKmd.  again^st 
lht  €aid  of  the  rod,  this  rod  being  canw^d  to  routte  in  tL*: 
iciQow  oane  of  *.  IzffiDead  of  a  ^}tui*^  sn-L-h  as  r,  a  hfclieaj 
ipnii^  is  o&en  used  :  bui  it  ih^n  beo^jm-^  nefyfsafsiarr  to  fiz  a 
jm  in  life  diil]  lihat  silidfig  in  &  ^ocjt^:  Jn  *.  bo  as  vj  prereLt 
like  drill  {Fom  rotamg. 

34&  Canteiiig  witli  a  set  sQuare.— The  «;t  siyuare 

3MT  be  used  for  oeiiiiriiig  rouiid  rociE.  aiid  liit  folion'ing  is  a 
TBiT  Hrmjftlfe  mode  c^f  apj'h'iiir  it  : — 

<?ba  one  am  of  iiie  bcaart  n.  ii^*-.  Si,  j.iji*^  T^  a  triangujar 
piisie  r  «f  is  wrewfid  or  rrrtwjd  feo  tbtiT  h*  edge  r  d  lOJbff^r 
hneioE  Lht  rigin:  hz^zA.  i^hai  i*.  dJTJd**  J.i  Irr^o  two  e^'UtJ 
ancfks.    The  £ai  *snd  of  &  r^iznd  rod  ifc  iieid  wiv-.x  i^h 
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angle  and  against  the  plate,  a  line  being  traced  on  it  along 
c  d :  it  is  then  turned  through  about  a  right  angle  and  a 
second  line  trdced.  The  intersection  of  these  two  lines 
gives  the  axis  of  the  rod. 

349.  Tool  for  roughing  out  points.— This  is  merely 
the  inverted  chamfering  tool  of  which  two  forms  are  described 
in  paragraphs  343 — 4,  one  of  them  being  also  shown  at  o, 
^g.  11,  plate  IV.  It  will  be  evident  that  when  the  end  of 
a  rod  is  caused  to  rotate  in  this  hollow  cone  it  will  take 
its  form. 

In  some  cases  it  may  be  found  convenient  to  replace'  the 
runner  h,  fig.  2,  plate  III.,  by  such  a  tool,  in  order  ta  rough 
out  the  point  on  a  rod  a.  But  it  should  be  remembered 
that  where  accuracy  is  desired,  the  point  will  require  to  be 
corrected  in  the  lathe. 

If  the  bottom  of  the  cone  at  the  end  of  o,  fig.  11,  plate 
IV.,  were  prolonged  by  continuing  the  cuts  farther  down 
with  a  thin  flat  file,  the  point  of  the  rod  might  be  formed 
like  a  conical-headed  screw  before  it  is  tapped  (sec  also 
paragraphs  442 — 3). 

350.  Balance-spring  collet   tool,— This  convenient 

little  tool  for  rotating  the  balance-spring  collet  is  com- 
mended almost  as  much  by  its  simplicity  and  facility  of 
<jonstruction  as  by  its  usefulness. 

A  steel  rod  n,  fig.  8,  plate  V.,  is  fixed  in  a  handle  t  ;  it 
terminates  in  a  cone  a  and  is  drilled  with  a  fine  hole  as 
indicated  by  the  dotted  lines.  A  thin  wing  5,  pointed  at  its 
extremity,  is  also  attached  to  the  handle. 

Holding  the  balance  between  the  fingers  of  the  left  hand 
and  the  tool  in  the  right,  the  blade  h  is  introduced  into  the 
slit  in  the  collet  while  a  rests  on  the  balance  staff  shoulder^ 
the  pivot  being  within  the  hole  in  n.  Now  rotate  to  the 
right  or  left  until  the  stud  is  opposite  to  the  mark  on  the 
balance  rim,  and  this  may  be  done  without  danger  providing 
the  tool  is  held  firmly  and  vertical. 

351.  Turns  for  replacing  broken  pivots.— Fig.  10, 
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plate  IY.9  represents  a  form  of  this  tool  whicli  may  be  made 
out  of  one  side  of  an  old  depthing  tool. 

The  runner  ^has  either  a  hollow  or  a  guard-pivot  centre, 
according  as  it  is  desired  to  support  the  axis  that  requires  a 
a  new  pivot,  by  its  point  or  shoulder.  In  the  right-hand 
poppet-head  is  fixed  a  small  collar,  m,  perforated  with  a  fine 
hole  in  its  axis  which  is  funnel-shaped  at  the  outer  end. 
The  shoulder  of  the  arbor,  from  which  the  pivot  is  broken, 
rests  in  this  cone,  so  that  this  arbor  rotates  between  m  and 
d.  The  runner  h  carries  a  fine  drill  which  must  be  true  to 
the  axis  and  accurately  fit  the  hole  in  m  ;  by  pressing  h 
forward  with  the  hand,  at  the  same  time  rotating  the  staff 
with  a  bow,  an  axial  hole  will  soon  be  obtained  in  the  latter. 

This  tool  possesses  two  advantages:  the  adjustment  of 
the  small  collars  is  easy,  and,  if  the  drill  is  true,  its  direction 
may  be  relied  on ;  it  will  be  less  liable  to  deviate  and  can 
support  a  considerable  amount  of  longitudinal  pressure, 
which  is  essential  when  drilling  steel  that  is  at  all  hard. 

852.  Support  for  replacing  pivots.— This  is  simply  a 

small  bar  riveted  at  right  angles  to  a  round  steel  rod  that 
takes  the  place  of  the  X'^est  in  an  ordinary  pair  of  turns. 
The  bar  is  perforated  with  a  series  of  holes  of  gradually 
diminishing  diameter,  which  are  funnel-shaped  at  one  end, 
and  thus  have  the  form  shown  at  m,  fig.  10,  plate  lY.  This 
cone  receives  the  end  of  the  axis  to  be  pivoted  while  the 
other  is  supported  in  the  runner  of  the  fixed  poppet-head. 
The  drill,  held  in  the  hand,  is  introduced  at  the  back  of  the 
L.-fihaped  support  into  the  hole  that  supports  the  axis,  and 
this  is  caused  to  rotate  with  a  bow. 

"We  prefer  the  arrangement  described  in  pars.  256,  351. 
to  this  system,  and  would  here  mention  a  precaution  to 
which  Leroy  has  directed  attention.  He  noticed  that  a 
staff  was  always  more  successfully  drilled  when  the  play  of 
the  drill  in  the  hole  of  the  support  was  less  ;  it  is  advisable, 
then,  not  to  harden  this  support  nor  to  make  it  of  brass. 
If  desired,  a  broach  can  be  rotated  in  each  of  the  holes  until 
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towards  each  other,  and,  in  using  the  tool,  it  is  only 
necessary  to  press  with  two  fingers  on  the  heads  of  the 
screws,  when  the  jaws  will  open.  Having  placed  the  escape- 
wheel  pinion  between  them,  the  wheel  will  be  firmly  held  so 
that  its  teeth  can  be  easily  cleaned,  &g. 

357.  The  appliance  shown  in  fig.  13  can  be  nsed  for  a 
similar  purpose,  and  is  further  especially  serviceable  for 
holding  an  escape-wheel  that  is  not  riveted  to  its  pinion. 
It  consists  of  two  parts,  a  handle  T,  shown  separate  at  t, 
which  is  drilled  throughout  its  length  and  tapped  extemaUy 
at  the  portion  t,  and  a  collar  or  nut  d,  the  end  of  which  ig 
traversed  by  two  cuts  at  right  angles  that  resemble  the  lett^ 
T  in  section.  If  the  tool  is  intended  for  holding  escape- 
wheels  that  have  three  instead  of  four  arms,  this  cross  mnst 
be  replaced  by  three  radiating  grooves  of  similar  section. 
The  position  occupied  by  the  wheel  is  indicated  by  the 
dotted  lines  r  r,  and  it  will  be  evident  that,  when  the  flat 
end  of  T  is  screwed  up  against  this  wheel,  after  dropping  it 
into  the  cross  and  slightly  turning  round  the  axis  as  in  a 
bayonet  joint,  it  may  be  firmly  held.  The  safest  mode  of 
introducing  the  wheel  is  by  holding  it  on  a  broach,  which  is 
subsequently  removed. 

358.  Tool  for  testing  the  truth  of  a  cylinder  escape- 
wheel. — The  two  following  paragraphs  will  serve  to  sup- 
plement the  details  already  given  in  the  Treatise  on  thicr 
subject. 

The  small  tool  shown  at  d,  fig.  15,  plate  X.,  can  be 
advantageously  used  in  place  of  the  plain  arbor  commonly 
employed  for  testing  the  equality  of  the  spaces  in  snch  a 
wheel.  The  plate  d,  which  may  be  mounted  on  three  feet, 
is  traversed  at  its  centre  by  the  smooth  conical  portion/ of 
the  screw /e;,  tapped  somewhat  tightly  ^nto  a  cock  fixed  ta 
the  under  side  of  the  plate.  There  is  a  radial  slot,  a  c,  cat 
in  the  plate  large  enough  to  allow  an  escape-wheel  pinion  to 
move  freely.  An  inspection  of  the  figure  will  make  evident 
the  manner  in  which  the  tool  is  to  be  used  :  a  wheel  being 
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placed  as  shown,  or  with  the  reverse  side  upwards,  is  made 
to  slide  towards  the  centre,  gradually  raising  the  screw 
until  the  largest  space  is  found  to  admit  /  with  contact  at 
both  sides.  All  the  smaller  spaces  are  then  carefally  opened 
until  they  admit  the  cone  in  the  same  manner  as  the 
largest. 

359'  Novel  tool  for  tlie  same  purpose. — ^When  the 
spaces  are  adjusted  in  the  manner  explained  above,  or  if  the 
length  of  the  teeth  is  measured  in  a  narrow  gauge  plate, 
there  will  nearly  always  remain  a  certain  degree  of  irregu- 
larity in  the  teeth.  As  we  have  already  said  in  the  Treatise 
^p.  208),  a  more  eflBicient  means  would  be  for  the  gauge  to 
embrace  both  a  tooth  and  space,  and  this  condition  is 
satisfied  by  the  following  appliance. 

The  slide  Tc  k,  fig.  12,  plate  X.,  is  dovetailed  into  a  plate 
level  with  its  surface,  so  that  Jc  k  can  be  moved  in  a  vertical 
direction  by  a  screw  ;  it  is  perforated  with  a  series  of  holes 
of  gradually  decreasing  diameter.  To  the  same  plate  are 
also  fixed :  (1)  a  smooth  tongue,  5,  with  a  foot  and  screw  ; 
and  (2)  a  second  tongue  y,  terminating  in  an  index  x  w, 
which  is  movable  about  a  pivot  x  and  held  against  a  pin  in 
the  plate  by  a  light  straight  or  spiral  spring.  The  extremity 
n  traverses  a  graduated  arc. 

Having  introduced  the  pinion  of  the  wheel,  or  the  arbor 
on  which  it  is  held,  into  a  l^ole  of  the  slide  that  it  fits 
without  shake,  and  brought  this  hole  to  the  position 
indicated  in  the  figure,  apply  a  slight  pressure  to  the  wheel 
in  the  direction  of  its  rotation.  With  one  tooth  resting 
against  h  the  tongue  y  will  be  held  by  the  spring  against  the 
next  and  the  reading  of  the  index  is  to  be  noted  accurately. 
Withdraw  the  wheel  shghtly,  and,  placing  the  succeeding 
tooth  against  5,  take  a  second  reading,  and  so  on  round  the 
entire  circumference. 

Of  course,  the  delicacy  of  the  instrument  will  be  increased 
by  lengthening  x  n  in  comparison  with  xj. 

360,  Press  for  removing  studs.— Kg-  8,  plate  IV., 

R 
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represents  a  small  press  which  we  employ  for  this  pur- 
pose. 

It  consists  of  a  thick  strip  of  metal,  o,  spreading  out  like 
the  letter  X  ^^  the  end  which  is  not  shown,  so  as  to  form 
two  feet,  the  screwy  being  a  third  so  arranged  that  the  X 
rests  horizontally.  The  disc  d  (shown  also  in  plan)  rotates 
on  the  screwy,  and  is  partially  enclosed  in  a  horizontal  slot. 
Round  the  circumference  of  d  are  four  rectangular  notches 
of  different  sizes.  The  holes  indicated  by  black  dots  on  the 
plan  receive  the  point  of  the  screw  v  which  clamps  the  disc 
when  the  notch  corresponding  in  size  with  the  stud  to  be 
removed  has  been  brought  under  the  small  cone  projecting 
from  the  spring  h ;  the  other  end  of  h  is  fixed  to  the 
X-shaped  piece  c.  The  mode  of  using  this  little  instrument 
will  at  once  be  evident.  Eesting  the  right  arm  on  the  bench 
and,  with  the  left  hand,  bringing  the  wing  of  the  cock  above 
the  notch  in  ^,  the  other  hand  presses  upon  the  milled 
button  of  5,  forcing  the  conical  pin  against  the  stud  and 
thus  removing  it  from  the  cock.  The  screw  a  can  be 
adjusted  so  as  to  prevent  too  great  force  being  applied. 

361.  Tweezers  for  removing   studs.— One  form  is 

shown  in  fig.  10,  plate  V.  The  upper  arm,  H,  is  bent  down- 
wards as  indicated  at  //.  The  lower  arm  is  shorter  and 
carries  a  separate  piece  n  m  which  slides  under  two  screws  By 
and  ispressed  forward  by  a  spring  r.  The  action  will  be  easily 
understood ;  the  extremity  m  rests  against  the  stud,  and  m  n 
is  forced  backwards  until  the  point  g  is  exactly  over  the  stud 
pin.  A  simple  pressure  of  the  finger  will  then  suffice  to 
remove  the  stud. 

A  still  more  simple  pair  of  tweezers  for  this  purpose  may 
be  made  by  fihng  a  square  notch  in  the  end  of  one  prong  of 
an  ordinary  pair  with  broad  noses,  and  setting  a  pin  opposite 
to  its  centre  in  the  end  of  the  other  prong. 

362.  Tool  for  tightening  watch-hands.— This  differs 
from  fig.  16,  plate  vl.,  described  in  article  365,  in  the 

following  particulars : — 
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Instead  of  movable  shoulders  (rl),  a  riveting  stake  or 
circnlar  steel  plate  with  holes  of  varying  sizes  is  fitted  to  the 
bed  of  the  tool ;  each  hole  must  be  truly  cylindrical  and 
have  its  upper  edge  rounded  off,  being  brought  under  the 
pnnch  as  required  in  the  manner  indicated  in  fig.  17,  plate 
VI.,  where  a  a  is  a  vertical  section  of  the  bed  through  the 
axis  of  one  of  the  holes. 

A  small  projecting  pin  is  held  by  friction  in  the  punchy 
as  shown  by  dotted  lines  in  the  figure,  and  its  diameter  is  a 
trifle  less  than  the  hole  in  the  hand  is  required  to  be. 

Having  softened  the  centre  of  the  hand  if  necessary,  and 
brought  the  proper  sized  hole  under  the  punch,  it  is  oiled 
inside  and  the  hand  placed  as  shown  ;  a  blow  is  then  given 
with  a  hanmier  on  the  head  of  the  punch. 

In  order  to  avoid  disfiguring  the  centre  of  the  hand  it  is 
a  good  precaution  to  hmit  the  path  of  p  by  a  firm  screw- 
stop  that  operates  when  the  distance  between  p  and  a  a  is 
equal  to  the  thickness  of  the  hand. 

363.  Cannon-pinion  tightener.— On  a  small  brass 

block  of  the  form  shown  in  ^g,  14,  plate  V.,  a  rectangular 
die,  terminating  in  a  blunt  chisel  edge,  slides  vertically 
nnder  a  plate  r.  A  steel  bed-plate  s  is  firmly  riveted  to  the 
brass  and  slightly  dished  in  the  portion  of  its  face  opposite 
to  the  die,  so  that,  when  a  cannon-pinion  is  placed  on  the 
support  and  the  die  gently  struck  with  a  hammer,  it  will  be 
sufficiently  contracted  to  ensure  the  requisite  adherence  to 
the  set-h^ds  arbor. 

If  fears  are  entertained  lest  the  pinion  should  be  cracked 
with  the  blow,  it  should  be  placed  loosely  on  an  arbor  and 
held  in  position. 

The  ordinary  forms  of  tool  for  this  purpose,  consisting  of 
two  jaws  pre£U3ed  together  by  a  bent  spring,  are  liable  to 
exert  too  much  or  too  little  pressure.  If  too  great  the  hand 
cannot  estimate  the  effect  of  the  blow^  and  if  insufficient  the 
upper  jaw  is  liable  to  move  obliquely  whenever  it  is  not  struck 
quite  straight. 
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If  a  cannon-pinion,  while  arihering  gufflciently,  has  a 
tendency  to  come  off  the  set-handfl  arbor  it  may  be  corrected 
by  the  method  explained  in  paraj^aph  618. 

364.  Set-hands  .  arbor  tool.— Many  jobbers  use  a 
hammer  or  the  tool  described  above  for  tightening  the  set- 
hands  arbor  in  the  centre  or  cannon-pinion.  Bat  when  this 
is  done  the  arbor  is  nearly  always  bent  so  that  the  minute- 
hand  which  it  carries  passes  nearer  the  dial  at  one  place 
than  at  another. 

We  have  employed  with  advantage  the  device  shown  at  P, 
fig.  8,  plate  v.,  the  mode  of  action  of  which  will  be  evident 
at  a  glance.  An  arbor  that  is  too  loose  is  introduced  into 
the  hole,  c^  and  afc  the  top  and  bottom  of  the  slack  portion 
two  punch  marks  are  made  opposite  to  one  another.  The 
punch  having  a  conical  or  three-sided  point,  will  occasion  an 
extension  of  the  metal  round  each  mark ;  if  a  smooth  file 
be  passed  over  the  surface  so  as  to  remove  the  burr,  which 
would  not  offer  any  permanent  resistance,  sufficient  project- 
ing metal  will  be  lefl  to  secure  a  sound  and  lasting  friction 
when  a  little  oil  is  applied. 

If  the  arbor  is  well  supported  immediately  beneath  the 
punch,  it  will  not  be  distorted  by  any  moderate  impact.  It 
is  advisable  before  operating  upon  the  metal  to  ascertain  its 
degree  of  hardness. 

365.  Pinion  riveting  too^. — The  simplest  form  is  that 
shown  in  fig.  10,  plate  VI.  The  pinions,  with  its  wheel  in 
position,  is  placed  on  the  hardened  steel  shoulder,  ^,  the  end 
to  be  riveted  >)eing  upwards.  The  riveting  is  then  struck 
with  the  polished  end  of  the  hollow  punch  a.  If  it  be 
required  to  spread  the  riveting,  a  punch  must  first  be  used 
that  is  rounded  from  within  outwards,  to  be  followed  with  a 
perfectly  flat  punch.  A  little  practice  will  at  once  enable  a 
workman  to  select  the  best  form  of  punch. 

The  movable  shoulders  d  should  be  very  hard  and  polished, 
fnnnel-shaped  downwards  and  carefully  fitted  to  the  bed,  so 
as  to  be  firm  and  central  with  the  punch.    If  these  pre- 
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cantions  are  not  taken  the  pinion  will  spring  and  the  riveting 
will  be  imperfect 

Instead  of  separate  shoulders,  d,  that  can  be  exchanged 
as  required,  some  watchmakers  prefer  to  adjust  an  ordinary 
riyeting  stake  to  slide  under  the  punch,  and  it  can  be 
clamped  when  the  proper  sized  hole  has  been  brought  into 
position.  Others  employ  a  thick  round  steel  plate,  hardened 
and  slightly  tempered,  which  is  pierced  with  a  number  of 
holes  of  varying  size  round  its  circumference,  so  that  all  their 
centres  can  be  brought  to  coincide  in  succession  with  the 
axis  of  the  punch. 

These  tools  will  produce  good  work  if  the  bed  that  resists 
the  blow  of  the  hammer  is  firm.  If  there  is  any  vibration 
or  elasticity  the  riveting  will  be  bad. 

366.  Tool  for  closing  up  barrel-holes,  screw-holes, 

ic. — ^The  arrangement  above  described  and  shown  in  fig. 
16>  plate  yi.>  can  be  used  for  this  purpose.  In  repairing 
watches  it  is  often  found  that  screws  hold  badly  or  not  at 
all,  and  the  holes  at  times  cannot  be  satisfactorily  bushed. 
In  such  cases  it  becomes  necessary  to  close  them,  an  opera- 
tion which  any  intelligent  workman  can  perform  very  well 
in  the  following  manner.  Replace  the  collar  d  by  one  that 
is  rounded  at  the  top  and  provided  with  a  pump-centre. 
This  can  be  merely  a  pointed  steel  rod  that  passes  through 
the  collar  from  below  with  slight  friction,  and  is  forced 
upwards  by  a  light  spring  fixed  by  a  screw,  so  that,  on 
undoing  the  screw,  the  rod  can  be  removed.  As  the  collars 
are  aU  funnel-shaped  downwards  it  will  be  seen  that  the 
same  pump-centre  may  be  made  to  senx  for  all. 

To  use  the  tool,  centre  the  hole  to  be  closed  by  means  of 
the  pump ;  then  bring  down  the  hollow  punch,  a,  and  strike 
it  as  in  riveting  a  pinion.  A  small  circular  groove  will  be 
formed  round  the  hole  which,  if  the  punch  is  in  good  order, 
will  be  perfectly  even. 

The  form  of  the  punch  is  very  important ;  the  watch- 
maker must  decide  for  himself  by  trial  as  to  the  most  con- 
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venient  shape.  The  thickness  of  the  ring  of  metal  may  be 
modified  ;  it  is  rounded  off  in  a  semicircle  by  some,  and 
curved  inwards  or  outwards  by  others. 

Instead  of  a  pump-centre  below  we  have  often  used 
punches  that  were  themselves  provided  with  a. pump-centre 
and  helical  spring.    Either  form  gives  satisfectory  results. 

The  holes  of  barrels  can  be  closed  with  a  punch  that  is 
only  depressed  at  its  centre  enough  to  avoid  the  point  of  the 
pump-centre.  When  the  face  is  more  or  less  rounded  the 
hole  will  be  closed  by  forming  a  cup  as  with  a  chamfering 
tool.  The  hole  may  then  be  enlarged  if  requisite  with  a 
round  broach  or  an  arbor  covered  with  white  wax.  It  will 
thus  be  hardened,  and  the  cup-shaped  recess  will  serve  to 
retain  the  oil,  while  the  somewhat  thinner  hole  will  probably 
be  in  a  condition  to  resist  friction  as  long  as  formerly. 

When  the  hole  is  of  moderate  thickness,  and  it  does  not 
require  much  reduction  in  diameter,  this  method  will  be 
found  satisfactory ;  barrels  thus  treated  have  been  found 
to  stand  for  ten  years  without  appreciable  wear.  When  the 
metal  is  thicker,  however,  the  spreading  inwards  is  very 
slight,  and  there  is  some  danger,  in  using  a  round  broach 
to  it,  of  straining  the  metal  or  detaching  the  central  ring 
of  the  barrel  or  its  cover. 

It  should  be  observed  that  the  methods  explained  above 
are  absolutely  useless  for  closing  pivot-holes,  and  should  only 
be  resorted  to  for  barrels  on  an  emergency ;  the  manner  in 
which  a  barrel,  &c.,  may  be  rapidly  re-centred  and  bnshed 
will  be  subsequently  explained  (560 — 1). 

367.  Drifting  tool. — ^This  appliance,  shown  in  fig.  8, 
plate  XII.,  is  very  usefcd  for  making  holes  of  round,  oval  or 
square,  or,  indeed,  any  required  form.  It  takes  the  place  of 
a  punching  machine  for  light  work. 

The  punch  or  "  drift "  is  screwed  into  the  stock  cc^.  A 
pin  p  fixed  in  c  c^  prevents  its  rotation  while  allowing  an 
end  motion  along  the  slot  m  n.  The  end  c^  is  hollowed  out 
to  receive  the  point  of  a  screw  b,  and  a  pin,  shown  near  cP, 
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IB  received  in  a  groove  turned  in  b,  thus  enabling  it  to  draw 
the  stock  in  the  direction  o  o'.  The  part  H  is  gripped  in  the 
jaws  of  a  vice,  and  a  strong  handle  e  is  used  to  advance  the 
screw  B  B^  "With  a  tool  about  three  times  the  size  of  the 
figure  there  is  no  difficulty  in  punching  the  eyes  of  main- 
springs, square  holes  in  stop  fingers,  &c.,  and  it  can  be  made 
by  an  apprentice.  Of  course  its  strength  depends  on  the 
pitch  of  the  screw  and  the  radius  of  the  handle  e. 

368.  For  heavier  work  it  will  be  necessary  to  resort  to 
the  punching  machine.  There  are  several  constructions  in 
use,  but  the  most  usual  is  essentially  the  same  as  that  of  the 
tool  just  described.  The  screw  works  vertically  in  a  strong 
bridge  that  is  fixed  to  the  bed  in  which  the  counterpart  of 
the  punch  is  held.  Great  use  is  made  of  this  machine  in 
factories  at  the  present  day,  almost  every  part  of  a  watch 
being  in  the  first  instance  roughly  shaped  by  its  means. 
Indeed,  thin  metal  is  often  left  as  it  comes  from  the  punch, 
and  very  perfect  crossings  of  wheels,  &c.,  are  thus  produced. 

Steel  does  not  cut  well  in  the  press  unless  it  is  soft  and 
homogeneous,  and  the  final  dimensions  of  the  object  can  be 
more  nearly  approached  according  as  these  conditions  are 
satisfied.  Attempts  have  been  made  to  cut  levers,  &c.,  ot 
the  exact  dimensions  required,  but  it  is  better  to  leave  a 
slight  excess  of  metal  to  be  afterwards  removed  by  a  mill- 
cutter  or  other  means.  The  crossings  of  steel  lever  and 
cyliader  escape- wheels  are  punched  out,  but  the  metal  used 
is  of  special  excellence. 

Before  introducing  a  piece  of  steel  into  the  press  it  is 
advisable  to  remove  any  scale,  &c.,  by  pickling  (81),  or  with 
a  file. 

369.  Draw-plate. — Every  watchmaker  should  possess  a 
plate  for  drawing  round  wire  so  as  to  be  able  to  obtain  it  of 
any  required  diameter  (309).  They  are  to  be  had  at  all 
tool-shops. 

In  bushing  holes  in  a  brass  plate  it  not  unfrequently 
happens  that  the  brass  used  for  the  bouchon  is  not  of  the  same 
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colonr  as  the  plate.  To  avoid  such  a  difference  cut  off  » 
piece  from  a  plate  of  the  same  colour  and  round  it  by  hand 
making  one  end  to  taper.  Fixing  the  draw-plate  in  the 
vice  pass  this  end  through  one  of  its  holes,  and,  gripping  iii 
in  the  hand-vice,  pull  the  brass  through  the  plate.  Continue 
this  operation  through  successive  holes  until  the  requisite 
thickness  is  attained. 
No  special  precautions  are  necessary,  further  than  keeping 


Fio.  14. 


the  holes  well  greased  and  annealing  the  brass  from  time 
to  time  so  as  to  counteract  the  hardening  caused  by  the 
operation  (105). 

Such  a  plate  can  also  be  used  for  steel  wire,  and  plates  with 
holes  of  special  form,  for  example  those  for  drawing  click  and 
pinion  wire,  are  well  known  in  the  trade. 

370.  Broken  screw  extractor.— The  little  tool  shown  in 

the  accompanying  figure  14  is  very  useful  for  extracting  screws. 
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that  are  broken  in  a  watch-plate  or  in  which  the  slit  of  the 
head  is  much  worn.  The  U -shaped  cramp  should  be  rigid 
and  of  sufficient  length  to  allow  any  plate  to  rotate  when  the 
screw  is  near  its  edge.  The  points  of  the  screws  must  be 
hardened  and  two  or  three  may  be  provided  with  points  of 
different  sizes,  as  well  as  one  shaped  like  a  screw-driver.  The 
grip  on  the  broken  screw  will  be  rendered  firmer  by  adding 
lock-nuts  outside  the  y-arms. 

Another  method  of  extracting  broken  screws  consists  in 
placing  the  plate,  from  which  all  other  steel  work  must  of 
course  be  removed,  in  a  strong  solution  of  alum,  when  the 
steel  will  be  rusted  away  without  damage  to  the  brass.  (See 
also  article  427.) 

371.  Kay's  roller  abstractor.— This  is  shown  in  fig.  15, 
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and  a  very  few  words  are  needed  to  explain  its  mode  of  action. 
The  nose  at  the  left-band  end  of  the  tool  is  drilled  up  so  as  to 
receive  a  balance-pivot  without  bearing  on  its  point,  and  can 
be  moved  towards  or  from  the  two  bent  prongs  by  the 
screw  at  the  right-hand  end.  A  side  screw,  passing  through  a 
slot  in  the  nose,  serves  to  draw  the  prongs  together.  In 
using  the  abstractor  the  two  feet  are  brought  under  a  roller 
and  closed  by  the  side  screw.  If  the  nose  be  now  advanced 
against  the  shoulder  of  the  bottom  pivot,  the  staff  can  be 
driven  out  without  damage  to  either  roller  or  staff. 

372.  Grammaire.  or  dividing  plate.— One  form  of 

this  appliance  has  been  described  and  illustrated  in  the  Trea- 
tise on  Modem  Horology  (at  page  290)  :  a  modification  is 
represented  by  ^g,  12,  plate  XII.  To  mark  out  the  crossings 
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of  a  wheels  &c.,  fix  it  by  the  conical-headed  screw  t  to  the 
middle  of  the  plate,  on  which  are  traced  a  series  of  concen- 
tric circles  (not  shown;  divided  respectively  into  6,  S,  10, 
and  12  eqnal  parts.  By  laying  the  little  mler  r  r  over  the 
wheel  blank  and  nsing  these  division  marks  as  a  goidey  3, 
4, 5  or  6  radii  can  be  drawn  to  serve  as  gnides  for  cntting 
ont  the  arms. 


m^^mm'^^ 
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If  it  is  desired  to  indicate  the  width  of  the  arms  instead 
of  a  mere  central  line,  a  series  of  holes  mnst  be  drilled  at  the 
division  marks  and  screws  with  tapered  points'tapped  into 
them  j&om  below.  Resting  the  mler  against  these  cones, 
the  arms  can  be  drawn  of  any  required  width  according 
to  the  distance  to  which  the  screws  project.  No  ftirther 
explanation   is   necessary,    for  the  figure  shows :    (1)  a 
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grammaire  adapted  to  mark  oat  a  foar-armed  wheel,  these 
arms  being  indicated  by  dotted  lines  ;  and  (2)  the  small 
rnler  r  r  cut  away  at  the  middle  so  as  to  avoid  coming  into 
contact  with  the  conical-headed  screw. 

373.  Jewel-resetting  tools. — The  method  adopted  in 
getting  a  jewel-hole  has  already  been  explained  in  article 
211,  and  from  the  account  there  given  it  will  be  evident 
that  the  tools  employed  are  of  the  simplest  description. 

Jobbers,  however,  frequently  have  to  re-set  a  jewel-hole, 
and  have  not  the  skill  requisite  to  enable  them  to  do  it  in  the 
lathe ;  various  designs  of  tools  have  been  introduced,  there- 
fore, in  order  to  facilitate  the  operation.  One  of  these  is 
shown  in  fig.  16,  and  a  few  words  will  suffice  to  explain  the 
mode  of  using  it. 

D  is  a  solid  frame  to  fix  in  the  vice,  and  having  a  table 
H  at  right  angles  to  the  centring  spindle  e.  p  j?  is  a  dog 
for  maintaining  the  watch-plate,  &c.,  in  position,  and  it  may 
be  clamped  by  the  screw  J.  After  the  plate  has  been  centred 
by  E,  this  spindle  is  replaced  by  G,  the  stem  of  the  thumb- 
screw, r,  passing  down  a  slot  in  the  body  d.  By  rotating  r 
the  point  s  can  be  moved  radially  and  the  jewel  can  then  be 
*'rubbed-in  "  by  merely  rotating  g  between  the  fingers.  If, 
however,  the  old  setting  is  imperfect,  e  must  first  be  replaced 
by  the  socket  a  ;  into  this  the  spindle  b  is  introduced  and 
the  lantern  c  is  screwed  on  to  its  lower  end.  This  lantern 
IB  slit  longitudinally,  and,  after  it  has  been  inserted  in  the 
hole,  B  is  screwed  down  until  c  fits  this  hole,  when  the 
spindle  is  made  to  rotate.  The  setting  is  thus  prepared  for 
the  jewel,  which  is  then  rubbed  in  by  s  as  already  described. 

Yarious  modified  forms  of  this  tool  are  to  be  met  with  in 
tool-shops  ;  one  of  the  best  consists  of  an  opening  piece  closely 
resembling  b  c,  and  the  rubbing-in  piece  is  a  stock,  to  which 
a  number  of  concave-ended  smooth  steel  pieces  of  various 
diameters  are  fitted.  Both  of  these  tools  are  handled  in  the 
manner  of  a  watchmaker's  screw-driver  with  loose  button. 
It  wiU  be  evident,  however,  that  all  these  appliances  are  of 
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the  nature  of  makeshifts,  and  as  a  rule  they  cannot  be  relied 
on  for  minute  accuracy. 

374,  Swing-tool  for  facing  pinions  and  ratchets. — 

This  consists  of  a  ring  A,  fig.  14,  plate  VI.,  with  two  short 
centres  fixed  by  screws  at  d,  d,  and  points  let  into  its  outer 
rim  at  n,  n. 

The  axis  of  the  ratchet  to  be  smoothed  or  polished  having' 
been  placed  between  the  two  centres  d,  d,  so  that  it  can  be 
rotated  with  a  bow,  the  tool  is  supported  by  the  points  n,  n^ 
in  a  pair  of  turns. 

It  is  then  only  necessary  to  apply  the  polisher  p,  while  the 
arbor  is  maintained  in  rotation  by  a  bow ;  the  arbor  is 
capable  of  such  a  variety  of  movement,  that  the  polisher 
maintains  itself  flat  without  difficulty,  and  a  very  troe 
smoothed  face  is  the  result. 

375.  By  slightly  modifying  the  form  of  this  tool  it  can 
be  employed  for  facing  pinions.  These  changes  are  indicated 
at  8,  fig.  14,  plate  VI. 

The  ring  a  is  replaced  by  a  thick  plate  perforated  with  a 
hole  in  its  centre,  in  which  short  polishing  cylinders  or  discs 
are  placed,  being  fixed  by  the  screws  a,  a.  These  cylinders 
or  discs  are  perforated  with  a  hole,  which  is  funnel-shaped 
downwards  and  receives  the  axis  of  the  pinion  to  be  faced. 
The  principal  plate  is  mounted  on  pivots  or  on  two  screws 
r,  r,  so  that  it  can  move  ireely  in  a  fork  which  is  fixed  in  a 
handle,  s  ;  the  two  branches  of  the  fork  thus  take  the  place 
of  the  poppet-heads  in  the  tool  described  above.  Holding* 
this  handle  in  his  hand,  the  workman  brings  the  central 
polisher  in  contact  with  the  face  of  the  pinion,  which  is 
rotated  with  a  bow.  The  polishing  is  easily  accomplished, 
since  the  disc  maintains  itself  flat  against  the  end  of  the 
pinion. 

The  same  tool  can  be  used  for  polishing  various  flat  pieces^ 
an  end-stone  cap,  for  example,  which  may  be  set  in  wax  on 
the  central  disc.  It  is  then  brought  against  a  rotating  lap, 
holding  the  handle  very  short ;  or,  fixing  the  handle  in  the 
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vice,  a  glass  or  metal  polisher  may  be  applied  to  the  surface. 
The  movement  of  which  the  disc  is  capable  will  ensure 
flatness  being  maintained. 

376.  Another  tool  for  facing  ratchets  ami  pinions. — 
An  old  depthing  tool  is  very  easily  converted  into  one  fo 
smoothing,  polishing  and  snailing  surfaces.  It  is  only  neces- 
sary to  support  the  pinion  or  ratchet  between  one  pair  of 
eentres  as  indicated  in  fig.  18,  plate  VI.,  and  Ijctween  the 
other  pair  an  arbor  that  carries  a  small  lap  (of  steel  for 
smoothing  and  copper  for  polishing),  with  the  edge  bevelled 
off  as  shown  by  dotted  lines.  The  flat  face  is  charged  with 
a  suitable  material  and  brought  in  contact  with  the  pinion, 
mnd  they  are  set  in  motion  by  separate  bows  on  their 
vespective  ferrules.    (See  also  article  178.) 

377.  Tool  for  polishing  staves,  thick  pivots,  &c.— 

This  is  the  same  depthiug  tool  modiiied  in  two  particulars 
^fig.  18,  plate  YI.). 

(1.)  The  lap  is  not  bevelled  at  the  edge ;  it  is,  on  the 
contrary,  thick  and  exactly  square  with  the  face. 

(i.)  The  two  runners  that  carry  the  lap  are  united  by 
being  clamped  to  a  metallic  arc  6  r/,  and  are  free  to  slide 
lengthwise  in  their  poppet-heads  ;  they  can  thus  be  moved 
as  a  whole  towards  the  right  by  hand,  while  a  spiral  spring 
Jl  tends  to  force  them  towards  the  left.  This  backward  and 
forward  movement  carries  the  lap  along  the  revolving  ayig 
from  the  extreme  end  of  the  pivot  to  its  shoulder. 

Barrel  arbors,  centre-wheel  pivots,  &c.,  can  be  con- 
T^eniently  polished  on  such  a  tool.  The  two  bows  should  Ije 
ao  arranged  that  the  arbors  rotate  in  oppi:*site  directions. 

If  a  new  depth  tool  is  employed  for  polishing  its  accuracy 
will  obviouslv  be  destroved.  but  one  that  has  alreadv  l«ecome 
unserviceable  is  excellent  for  the  pnrftcise.  In  i:s  abs<:-nce 
varions  appliances  can  be  obtained  at  the  tool-shops  thai 
can  be  adapted. 

378.  Tool  for  flat  polishing.— The  following  is  un- 
questionably the  most  simple  : — 
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A  thick  brass  plate  is  provided  with  three  strong  screws 
arranged  in  triangular  form  (g,  Gg.  17,  plate  VI.)  and  fieur 
enough  apart  to  ensure  that,  if  the  plate  is  reversed  and 
rests  on  their  heads,  it  will  remain  flat  when  moved  by 
hand  over  a  pohshing  surface. 

The  screws  should  fit  tightly  or  be  provided  with  lock- 
nuts. 

We  beheve  that  every  watchmaker  must  be  acquainted 
with  this  httle  tool.  The  object  to  be  smoothed  or  polished 
is  fixed  with  shellac  or  sealing-wax  to  the  middle  of  the 
triangle  formed  by  the  screws ;  the  level  is  then  adjusted 
so  that,  when  resting  on  a  fiat  surface,  the  object  to 
be  polished  coincides  exactly  with  it.  The  polisher  (for 
example,  a  sheet  of  ground  glass)  is  charged  with  oil- 
stone dust  or  polishing  rouge,  and  the  object  is  passed  over 
it  until  perfectly  fiat  and  smooth. 

S79.  For  smoothing,  it  is  best  to  use  a  large  sheet  of 
iron  or  steel.  For  polishing,  copper  or  bronze  is  preferred. 
Ground  glass  may  be  employed  for  both  operations  ;  it  must 
be  hard  and  perfectly  flat. 

A  disc  rotating  in  the  lathe  or  mandril,  <&c.,  is  often 
used. 

The  tool  may  be  inverted  and  rest  firmly  on  a  cork,  the 
polisher  being  then  moved  backwards  and  forwards  by  hand, 
and  always  in  contact  with  the  three  screws. 

It  is  best  to  use  soft  dead  wood  for  cleaning  the  polished 
surface  ;  in  its  absence  use  soap,  then  wash  and  dry  with  a 
soft  linen  rag.  The  object  is  detached  by  heating  the  tool^ 
and  is  cleaned  by  boiling  in  spirits  of  wine  ;  afterwardB  pass 
through  pure  spirits  of  wine  at  the  ordinary  temperature 
and  dry. 

380.  This  tool  can  be  employed  for  polishing  small 
surfaces,  such  as  the  end  of  a  rod,  of  a  barrel  arbor  or  a 
screw-head,  as  well  as  for  those  of  greater  extent  But  it 
appears  needless  to  enter  into  further  detail. 

Instead  of  three  screws  some  workmen  only  use  two,  at 
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some  distance  apart.  The  object  to  be  polished,  being  placed 
at  the  third  comer  of  the  triangle,  takes  the  place  of  the 
remaining  screw. 

Lastly,  if  a  band  be  fitted  to  one  side  of  the  brass  plate, 
as  shown  at  5,  fig.  17,  plate  VI.,  and  held  by  two  screws,  it 
will  often  be  of  service  as  a  clamp  for  fixing  the  object,  as 
at  8. 

38L  Flat  pieces  can  be  polished  on  a  revolving  lap 
worked  by  the  foot,  being  simply  held  in  the  hand  or  in  a 
piece  of  soft  leather ;  bnt  a  certain  amount  of  practice  is 
needed  in  order  to  do  this  successfully. 

The  small  swing-tool  described  in  par.  375^  and  shown  at 
H,  fig.  14,  plate  YI.,  can  also  be  used  for  maintaining  the 
necessary  flatness. 

UNIVERSAL    MANDRIL. 

382.  The  watchmaker  who  is  provided  with  a  well-made 
lathe  of  sufficient  dimensions  can  often  dispense  with  a 
mandril :  it  is,  however,  a  most  useful  tool,  especially  to 
those  who  cannot  well  afford  either  the  outlay  or  the  space 
that  is  required  for  a  large  collection  of  special  appliances. 
Its  management  is  not  difficult,  and,  although  the  plate  is 
somewhat  heavy,  a  moderate  amount  of  practice  will  enable 
a  workman  to  do  very  delicate  work  by  its  means. 

Although  this  tool  is  now  well  known,  comparatively  few 
watchmakers  are  acquainted  with  the  number  of  uses  to 
which  it  may  be  applied ;  indeed,  it  often  happens  that  aftor 
making  two  or  three  fruitless  and  ill-directed  effi)rts  to  work 
ity  this  valuable  tool  is  left,  useless  and  spotless,  as  an 
ornament  in  the  shop  window. 

383.  There  are  two  forms  of  mandril  ordinarily  met 
with  in  this  country  ;  they  are  respectively  of  English  and 
Geneva  construction.  The  latter,  having  several  attach- 
ments in  addition  to  those  present  in  the  English  form  of 
tool,  will  alone  be  described.    It  is  shown  in  fig.  2,  plate 
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VI.  The  principal  feature  of  the  lathe  is  the  hollow  arbor 
H  that  carries  a  plate  p  ;  motion  is  commnnicated  to  them 
bj  a  wheel  and  pinion  that  are  rotated  by  means  of  the 
handle  m.  (In  many  forms  of  mandril,  however,  the  wheel 
and  pinion  are  replaced  by  a  cord  and  pulleys.  With  a  view 
to  avoid  the  driving-pulley  projecting  too  fer  forward,  as 
well  as  to  take  the  strain  of  the  cord  off  the  bearing  of  the 
arbor,  the  arrangement  shown  in  fig.  3,  plate  III.,  is 
adopted  ;  s  is  the  pulley  on  the  arbor,  t  an  idle  pulley  which 
can  be  moved  along  a  vertical  slot  to  tighten  the  c^rd,  and 
n  a  third  to  which  motion  is  given  with  a  handle  by  hand.) 
Within  the  arbor  is  a  carefully  fitted  pump-centre  pushed 
forward  by  a  spiral  spring.  A  small  pin  is  fixed  in  the 
body  of  the  pump  and  terminates  in  a  button  b,  by 
which  the  entire  pump-centre  can  be  drawn  within  the 
arbor,  where  it  is  maintained  by  b  resting  in  a  bayonet- 
joint;  or,  in  some  instruments,  it  is  fixed  by  tightening  a 
screw  at  b. 

384.  The  face-plate  p  carries  three  pairs  of  dogs,  as 
shown  at  g,  (/,  The  object  to  be  turned  is  held  between 
their  jaws  by  screws  /,  /,  after  having  been  centred  with  the 
pump-centre. 

Two  forms  of  dog  are  used  :  the  double  dog,  such  as  is 
indicated  at  g,g,  which  maintain  the  object  at  some  distance 
from  and  parallel  to  the  face-plate;  and  the  simple  dog,  one 
form  of  which,  with  the  clamping  screws  removed,  is  shown 
■at  s,  fig.  1;  these  fix  the  object  against  the  face  of  the  plate 
itself. 

On  the  bed  a  of  the  mandril,  the  slide  B  travels;  it  can  be 
clamped  in  any  position  by  a  screw,  and  carries  the  two 
slides  at  right  angles  that  constitute  the  main  portion  of 
the  slide-rest.  The  movement  backwards  and  forwards  is 
obtained  by  means  of  the  screw  D,  and  motion  in  a  plane  at 
right  angles  to  the  bed  by  a  handle  which  is  partially 
seen  at  c. 

At  /  is  a  split  nut  [that  can  be  fixed  in  any  position  by 
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ficrewB  :  this  nut  is  useful  for  limiting  the  movement  of  the 
grayer  in  a  direction  parallel  to  the  face-plate.  With  a 
little  experience  it  is  often  easy  to  do  without  such  a  stop 
for  ordinary  work. 

385.  But,  on  the  other  hand,  in  many  cases  it  is  ahso- 
lutely  essential  that  a  series  of  cuts  be  of  exactly  the  same 
depth,  as,  for  example,  in  making  the  cutters  described  in 
article  468 ;  and,  in  the  elaborate  machine-tools  used  at 
the  present  day  for  the  manufacture  of  watches,  the  stop  is 
of  primary  importance.  There  are  many  systems  in  use : 
the  one  represented  in  fig.  6,  plate  XII.,  is  adjustable  and 
gives  good  results. 

The  sUde  is  advanced  by  two  screws  of  the  same  pitch,  c  d, 
€  d,  the  latter  working  within  the  former.  To  move  the 
tool-holder  turn  the  handle  a,  and  when  its  small  stud  comes 
in  contact  with  the  disc  b  it  will  cause  c  d  to  rotate.  "When 
the  cutter  has  been  advanced  to  the  required  depth,  tighten 
the  screw  n,  and,  as  «  «  is  divided  by  a  saw-cut,  the  screw 
C  D  will  by  this  means  be  locked.  To  withdraw  the  cutter 
the  handle  A  is  now  turned  in  the  opposite  direction,  h  will 
be  released,  and  only  the  screw  c  d  will  act,  and  any  subse- 
quent forward  motion  of  A  will  be  arrested  when  the  stud 
is  again  in  contact  with  the  disc  h. 

386.  At  E,  fig.  1,  plate  VI.,  is  shown  the  poppet-head 
for  centring  from  without  and  for  drilling,  and  fig.  3  shows 
two  runners  for  this  poppet-head,  a  is  for  centring  or 
**  uprighting,"  and  p  for  drilling.  The  depth  to  which  the 
drill  is  introduced  with  this  latter  runner  can  be  regulated 
by  means  of  the  stop-nut  e. 

The  T-rest  for  hand-turning  is  shown  at  t,  fig.  1. 

It  seems  useless  to  further  extend  our  description  of  the 
tool ;  if  placed  before  the  eyes  of  the  reader  and  manipu- 
lated for  a  few  minutes  by  an  experienced  watchmaker  or 
dealer,  he  will  be  more  likely  to  understand  its  varied 
applications  than  by  reading  many  pages  of  explanation  that 
must  be  more  or  less  obscure. 

s 
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387.  Two  conditions  must  be  satisfied  in  order  to  work 
the  mandril  with  facility : — 

(1.)  The  cutters  must  always  be  set  to  the  proper  angle 
(297),  and 

(2.)  The  workman  must  have  acquired  by  practice  the 
knack  of  using  the  two  hands  independently.  In  other 
words^  it  is  essential  that^  while  one  hand  drives  the  face- 
plate at  a  uniform  speed  by  the  handle  m,  the  other  hand 
continues  to  be  entirely  independent  of  it  and  to  advance  the 
graver  with  whatever  speed  is  best  suited  to  the  metal 
operated  upon^  without  allowing  this  rate  of  motion  to 
be  in  any  way  influenced  by  the  velocity  of  the  other 
hand. 

In  a  word,  the  workman  must  have  a  perfect  mastery  of 
his  two  hands,  and  they  must  move  quite  independent  of 
each  other ;  otherwise  the  cutter  will  advance  by  starts,  will 
often  break,  and  will  spoil  the  work.  Practice  on  sheets  of 
brass  will  soon  enable  him  to  adjust  the  rate  of  advance  of 
the  tool  so  that  it  gives  the  best  attainable  cut. 

388.  Wax-plates  and  coilars.— A  sink  is  cut  on  the 

mandril  by  fixing  the  object  between  the  dogs  when  of  a 
form  that  admits  of  doing  so :  as,  for  example,  the  plate  held 
ill  99  09  fig'  2,  plate  VI.  But  as  a  general  rule  the  object 
would  either  hold  badly  or  would  be  damaged  by  the  dogs  ; 
it  must  then  be  set  in  shellac  or  sealing-wax  on  a  plate  that 
is  perforated  so  that  the  point  of  the  pump-centre  may  be 
brought  into  contact  with  the  object ;  the  plate  only  is  then 
clamped  in  the  dogs. 

When  re-forming  the  sinks— for  example,  in  a  watch- 
plate  or  barrel  cover— the  cementing  can  be  dispensed  with 
if  an  assortment  of  rings  is  provided,  the  two  faces  of  which 
are  perfectly  parallel ;  an  internal  groove  should  be  turned  on 
either  face,  in  the  manner  indicated  at  r,  fig.  1,  plate  VI. 
When  the  dogs  are  single,  these  rings  will  rest  against  the 
face-plate,  the  dogs  pressing  upon  the  watch-plate  itself  or 
similar  object  placed  in  the  groove  of  the   ring.    With 
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double  dogs  the  ring  will^  of  course^  rest  on  their  sapports 
while  the  dogs  themselves  bear  on  the  plate. 

If  only  one  &ce  of  each  ring  is  utilized^  it  may  be 
provided  with  screws  for  fixing  a  plate^  barrel,  &c.,  in 
position. 

389.  To  centre  from  within. — When  the  object  is  of 

sach  a  nature  or  so  thick  that  its  central  hole  cannot  be 
damaged  by  the  pmnp-centre^  this  hole  is  simply  placed  on 
the  point  of  the  pmnp  which  is  then  pressed  backwards  and 
the  object  clamped  in  the  dogs^  taking  care  not  to  disarrange 
anything.  It  is  then  centred  and  the  pmnp  may  be  drawn 
back. 

A  delicate  object  can  be  centred  in  a  similar  manner  if 
the  pnmp-centre  is  advanced  very  gently  to  the  level  of  the 
d(^  while  the  object  is  resting  against  their  inner  jaws^ 
care  being  taken  to  hold  back  the  pnmp  so  that  it  merely 
touches  the  central  hole  :  the  pnmp  is  then  drawn  in  and  the 
dogs  gently  clamped.  Although  this  method  is  perfectly 
safe  with  an  experienced  hand^  it  is  dangerous^  especially 
when  centring  from  a  jewel-hole^  for  a  watchmaker  of  only 
moderate  skill ;  the  dogs  are^  moreover^  apt  to  be  displaced, 
80  that  the  operation  may  have  to  be  several  times  repeated. 
Better  methods  will  be  given  subsequently  (404-411). 

390.  To  centre  from  the  front  with  runner.— 

Having  placed  the  poppet-head  e,  fig.  1,  plate  YI.,  on  the 
lathe-bed,  it  is  a  conmion  practice  to  centre  by  means  of  the 
numer  a,  fig.  3. 

This  method  is  unsatisfactory.  The  object  is  nearly 
always  excentric,  and  the  edge  of  the  central  hole  is  often 
damaged  by  the  pressure  that  has  been  applied  to  it. 

It  would  be  well  if  this  mode  were  given  up  and  the 
mnner  a  were  only  used  for  uprighting  and  drilling. 

Good  methods  of  centring  from  the  front  will  be  found 
in  paragraphs  405 — 8. 

39L  Uprighting  and  drilling.— The  hole  in  a  cock 
to  correspond  to  an  opposite  hole  in  the  plate  (which  latter 
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must  be  centred  by  the  pmnp)  is  marked  by  means  of  the 
runner  a,  fig.  3,  plate  VI.,  used  precisely  as  in  an  ordinary 
nprighting  tool  (503).  The  hole  is  then  drilled^  or  a  hole 
already  there  is  enlarged  in  order  to  make  it  concentric^  by 
substituting  the  runner  j)  for  a,  a  drill  being  fitted  to  its 
extremity. 

This  runner  must  be  exactly  in  the  axis  of  the  pnmp,  and 
the  drill  must  also  be  carefully  centred,  conditions  that  can 
easily  be  satisfied  if  the  directions  given  at  paragraph  418 
with  regard  to  drill-holders  are  observed. 

When  the  blade  of  a  drill  is  not  rigorously  central,  a  cir- 
cumstance of  no  uncommon  occurrence,  it  is  advisable  not 
to  use  the  runner^  except  for  enlarging  or  trneing  a  hole 
already  made  ;  as,  for  example,  for  bushing  a  barrel-hole  or 
a  centre-wheel-bar  hole,  &c. 

The  driUing  of  a  fine  pivot-hole  by  means  of  the  mnner 
p  presents  considerable  difficulty  in  consequence  of  the 
weight  and  friction  of  this  runner,  to  say  nothing  of  the 
probability  that  the  drill  will  not  be  perfectly  centred  ;  it  is 
better,  after  marking  the  hole,  to  drill  it  with  an  ordinary 
pivot  drill  with  its  end  resting  in  the  hollow  extremity  v  of 
the  runner  a,  fig.  3,  proceeding  exactly  as  when  the  ordinary 
drilling  tool  is  used  (see  also  articles  412,  501 — 3). 

392.  Split  ring  for  nprighting.— This  is  nothing  more 
than  a  large  collet,  turned  very  true  on  its  two  fsuces  and 
divided  into  three  segments  by  a  fine  saw,  as  shown  at  b,  fig. 
10,  plate  YIII.  It  may  be  made  about  an  inch  in  diameter 
and  somewhat  less  than  half  an  inch  thick,  and  is  found 
especially  serviceable  when  planting  a  hole  in  complicated 
movements,  such  as  repeaters,  where  it  is  rarely  possible  to 
use  a  ring  that  is  all  in  one  piece. 

393.  Forms  of  slide-rest  cutters.— The  usual  forms  of 

cutter  for  use  in  the  slide-rest  of  a  mandril  are  shown  in 
figs.  5  and  6  of  plate  VI.  a  and  a^  are  respectively  the  plan 
and  side  view  of  the  most  common  form.  Two  inclined 
planes  i  n  and  dc  axe  formed  on  the  left-hand  and  under 
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sides.  The  point  in  which  they  terminate  is  cnt  off  square^ 
a  cutting  edge^  which  is  more  or  less  acute  according  to  the 
metal  to  be  operated  upon  (297)^  being  obtained  by  a  third 
incline  c  n.  The  width  of  the  square  cutting  edge^  indicated 
at  n  in  figure  a^  varies  according  to  the  metal  to  be  operated 
upon  as  well  as  this  incline  c  n.  It  is  advisable  to  be  pro- 
vided with  at  least  half-a-dozen  cutters  of  this  form,  with 
edges  of  varying  width  and  inclination,  and  even  this 
number  is  often  found  insufficient ;  cutters  for  steel  should 
never  be  used  in  turning  brass. 

A  cutter  may  be  sharpened  in  the  usual  manner  for 
ordinary  work ;  but  if  it  is  desired  to  produce  very  smooth 
sinks,  &c.,  one  that  has  been  carefully  polished  must  be  used 
for  the  final  cut. 

The  blade  should  cut  with  both  its  edges ;  the  straight 
edge  will  serve  to  form  right-angled  comers  of  sinks,  while 
the  other  edge  will  form  bevels.  It  is  hardly  necessary  to 
add  that,  when  a  square  corner  formed  by  the  first  of  these 
edges  requires  to  be  bevelled  by  the  second,  the  lathe  must 
rotate  in  the  opposite  direction  and  the  cutter  be  passed 
over  to  the  opposite  side  of  the  centre. 

384.  0,  in  the  same  figure,  is  a  rounded  cutter  for 
making  circular  grooves,  f,  fig.  6,  is  for  cutting  the  groove 
that  receives  a  barrel-cover. 

J  and  V  are  for  forming  the  "  tallow-drop  "  shoulders  of 
pivot-holes,  &c. 

It  will  doubtless  be  observed  that  these  cutters  would 
form  nipples  that  are  dome-shaped  and  relatively  somewhat 
high,  and,  for  small  pivot-holes,  the  blade  would  require  to 
be  narrower  and  of  a  shape  that  corresponds  with  the  nipple 
it  is  desired  to  produce. 

L  is  for  rounding  off  angles. 

8  is  a  convenient  shape  for  smoothing  the  bottom  of  a 
barrel  without  damage  to  the  hook. 

T  has  a  square  point ;  it  is  used  narrow  for  cutting,  for 
example,  the  passage  under  the  escape-wheel  cock  in  a 
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cylinder  watch  (see  article  417)>  and,  when  made  wider, 
will  serve  to  cat  the  settings  for  jewels.  In  the  latter  case 
it  may  either  be  square  at  the  end  or  a  little  rounded  at 
the  comers. 

In  addition  to  the  use  indicated  above,  v  can  be  employed 
for  raising  the  edge  of  a  jewel-setting.  The  method  to  be 
Adopted  in  setting  a  jewel  has  already  been  explained  (211). 

With  regard  to  this  last  form  of  cutter  it  may  be  observed 
that  the  ordinary  lathe  is  preferable  to  the  mandril  for 
jewelling,  &c. ;  but,  if  a  watchmaker  only  possesses  the 
latter,  he  may  learn  to  employ  it  for  the  purpose,  and  with 
care  he  will  be  able  to  do  this. 

395.  Slide-rest  cutter  stock.— It  is  not  necessary 
that  every  cutter  be  made  of  the  full  size  required  to  fix  in 
the  tool-holder.  A  very  useful  little  stock  may  be  made 
after  the  model  of  e,  fig.  9,  plate  YI.,  that  taikes  a  piece  of 
thin  tool  steel  of  any  convenient  size,  and  any  number  of 
small  cutters  of  the  above  forms  or  others  that  the  require- 
ments of  daily  work  may  suggest,  may  be  fitted  to  it; 

396.  Sharpening  slide-rest  tools.  — A  flat  smfece 

turned  in  the  mandril  will  never  be  even  unless  the  cntting 
face  n  in  A,  fig.  5,  plate  YI.,  is  smooth,  and  indeed  polished, 
and  its  edge  parallel  to  the  face-plate.  Some  care  is 
therefore  necessary  in  sharpening  this  face. 

The  requisite  parallelism  can  be  secured  with  certainly  by 
either  of  the  following  methods. 

397.  J^rst  method, — Sharpen  the  tool  while  it  is  held 
in  the  tool  represented  in  fig.  18,  plate  YI. 

On  a  thick  brass  plate  I  and  parallel  to  its  plane  at 
one  extremity  b,  a  plate  p  is  pivoted.  The  inclination  of 
^  to  /  can  be  varied  and  it  is  fixed  in  any  required  position 
by  the  curved  arc  passing  under  the  clamping  screw/. 

A  small  bar  c  is  fixed  to  I  with  its  edge  set  accurately  at 
right  angles  to  the  line  at  ¥  in  which  the  two  planes  intersect. 
An  examination  of  the  figure  wiU  sufGice  to  indicate  the 
manner  in  which  such  a  tool  is  used.    Having  set  ^  so  that 
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ifc  makes  with  I  the  angle  to  be  given  to  the  cutting  face  (297)» 
the  cutter  b  is  held  against  the  bar  c,  where  it  may  be  fixed 
with  a  screw  v,  or  in  any  convenient  manner,  taking  care  to 
leave  the  portion  of  the  cutter  that  is  to  be  removed  pro- 
jecting beyond  the  &ce  of  ^  as  shown  at  ^. 

Now  pass  a  piece  of  smooth  oilstone  or  a  disc  of  steel 
charged  with  oilstone  dust  over  tlio  face  of  p  until  the 
projecting  portion  is  removed  ;  if  a  polished  face  is  required, 
this  must  be  succeeded  by  a  bronze  or  ground-glass  disc 
charged  with  rouge. 

If  the  plate  ^  is  of  sufficient  dimensions,  it  will  not  be 
distorted,  even  although  only  made  of  hammered  brass ; 
but  it  would  of  course  be  better  made  of  steel,  hardened  if 
possible. 

Some  watchmakers  adopt  another  arrangement :  they  fix 
a  second  bar  parallel  to  c  so  that  the  cutter  will  just  slide 
between  them  when  pushed  by  the  finger,  without  play. 
yndie  moving  the  stone  or  disc  with  one  hand  the  cutter  is 
gently  pushed  out  with  the  other,  pressing  it  all  the  time 
firmly  against  the  plate  c. 

This,  however,  is  merely  a  matter  of  habit. 

398.  Second  method, — This  is  indicated  in  fig.  2, 
plate  VI.  Fix  in  the  right-hand  side  of  that  portion  of  the 
slide-rest  which  travels  at  right  angles  to  the  bed  of  the 
mandril  two  hardened  (and  slightly  tempered)  steel  pins. 
They  should  be  as  far  apart  as  possible  but  at  the  same 
height  from  the  bed,  and  the  extremities  must  be  accurately 
equi-distant  from  the  face-plate  j).  One  of  these  pins  is 
seen  at  a; ;  the  other,  being  directly  behind  it,  is  of  course 
hidden. 

Now  take  a  sheet  of  glass  that  is  perfectly  flat  and  not  too 
thin,  and  having  charged  it  with  oilstone-dust  or  rouge,  place 
it  as  indicated  by  the  dotted  lines  x  z,  the  polishing  face  being 
towards  s,  and  work  it  backwards  and  forwards  while  resting 
against  the  two  pins  and  the  cutter  at  z.  Being  inclined  to 
the  vertical  this  glass  will  form  a  sloping  cutting  face,  and  the 
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amonnt  of  this  inclination  can  be  varied  at  will  by  moYing 
the  screw  d. 

Instead  of  pins^  two  blocks  can  be  fixed  to  the  slide- 
rest  as  a  means  of  reducing  the  wear  ;  but  if  the  plate  is  dry 
where  it  comes  in  contact  with  the  pins  and  these  are  suffi- 
ciently hard  and  broad^  there  is  no  occasion  to  adopt  such  a 
precaution. 

IMPROVEMENTS  THAT  MAY  BE  EFFECTED  IN    THE 

MANDRIL  TOOL. 

399.  The  mandril  shown  in  ^g.  2,  plate  YI.^  together 
with  the  ordinary  accessories  shown  in  figs.  1  and  8,  aresnch 
as  may  be  commonly  met  with  in  commerce^  but  the  watch- 
maker should  form  the  cutters^  as  well  as  sharpen  and  polish 
them  himself.  The  lathe  should  always  be  provided  with 
the  X-rest  (t,  fig.  1) ;  but  the  loose  poppet-head  £  is  nol 
so  necessary.  As  will  be  presently  seen^  it  can  be  very  easUy 
dispensed  with.  The  methods  described  for  uprighting  and 
drilling  with  the  aid  of  properly  formed  stocks  (413)  are 
also  applicable  when  the  mandril  is  provided  with  a  loose 
poppet-head. 

400.  Two  improvements  may  be  effected  in  the  mandril 
by  every  watchmaker. 

The  first  consists  in  marking  and  drilling  two  or  three 
circles  of  holes  round  the  contour  of  the  face-plate ;  as  a 
rule  it  is  sufficiently  thick  to  take  three.  If  numbers  be 
selected  that  possess  several  divisors,  the  mandril  becomes 
a  small  wheel-cutting  engine  that  will  be  found  of  frequent 
use.  It  will  be  found  easy  to  mark  off  and  drill  the  circles 
of  holes  on  a  wheel-cutting  engine  that  is  provided  with  a 
drill-carrier,  an  accessory  which  any  watchmaker  can  make 
for  himself.  The  same  may  be  said  of  the  index,  which 
should  be  like  those  of  wheel-cutting  engines,  and  should 
ensure  the  perfect  steadiness  of  the  face-plate.  If  the  thrcQ 
numbers,  56,  60  and  80,  be  taken,  it  will  be  evident  that 
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they  enable  ns  to  divide  a  circle  into  the  following  numbers 
of  eqaal  parts  : — 

56  also  gives  2,  4,  7,  8,  14,  28. 

60     „       „     2,  3,  4,  5.  6,  10,  12,  15,  20,  30. 

80     „       „     8,  10,  16,  20,  40. 

And,  when  it  is  observed  that  methods  are  given  farther 
on  for  subdividing  a  circle  into  a  number  of  parts  greater 
or  less  by  one  than  a  number  found  on  the  plate  (456) 
it  will  be  seen  that,  from  the  three  circles,  56,  60,  80,  we 
can  obtain  the  following  subdivisions  :  2,  3,  4,  5,  6,  7,  8,  9, 
10,  11,  12,  13,  14,  16,  16,  17,  19,  20,  21,  27,  28,  29,  30, 
81,  89,  40,  41,  56,  56,  67,  59,  60,  61,  79,  80,  81.  If  space 
is  available  for  a  fourth  series  of  holes,  72  would  be  a  con- 
venient number  to  select,  as  it  would  give  us  the  following 
numbers  which  are  wanting  in  the  above  list  :  18,  23,  24, 
25,  85,  36,  37,  71,  72,  78.  But  the  watchmaker  will 
probably  be  obhged  to  select  niunbers  in  accordance  with 
his  special  requirements. 

Circles  of  holes  are  to  be  preferred  to  notches  cut  on  the 
circumference  of  the  face-plate,  for,  in  addition  to  the  fact 
that,  in  the  latter  case,  only  one  subdivision  is  possible, 
a  blbw  or  violent  friction  is  apt  to  damage  the  teeth. 

401.  The  second  improvement  that  may  be  introduced 
consists  in  ascertaining  what  motion  of  the  screws,  that 
advance  the  tool  on  the  slide-rest,  corresponds  to  a  unit  of 
measurement,  whether  that  unit  be  a  millimetre,  line  or  a 
definite  fraction  of  an  inch  ;  it  is  preferable,  if  possible,  to 
select  screws  that  have  a  pitch  equal  to  this  unit  of  measure- 
ment. The  scale  on  the  circumference  of  the  button  d 
passing  in  front  of  the  index  d  (fig.  2,  plate  VI.)  would 
then  enable  us  at  once  to  read  off  the  depth  of  the  cutter  in 
units  and  fractions  of  the  unit ;  but  it  is  important  to  note 
that  this  can  only  be  accepted  as  true  if  the  screw  is  well 
made  and  the  button  is  always  rotated  in  the  same  direction^ 
so  as  to  eliminate  the  backlash  of  the  screw. 
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A  similar  arrangement  applied  to  the  screw  that  is  worked 
by  the  handle  c  would  enable  the  workman  to  ascertain  at 
once  the  diameters  of  sinks^  and  wonld  render  it  possible  to 
divide  a  straight  line  into  equal  parts  in  a  manner  already 
described  (47). 


ACCESSORIES. 

AND   MISCELLANEOUS    OPERATIONS   TO    BE    PERFORMED    IN 

THE  MANDRIL. 

420.  With  a  view  to  simplify  the  work,  we  will  here  give, 
in  a  collected  form,  a  number  of  operations  that  may  be 
performed  in  the  mandril,  among  which  the  practical 
watchmaker  will  easily  be  able  to  distingaish  those  that 
can  be  done  in  the  ordinary  lathe  ;  we  will  also  describe 
numerous  accessories  that  the  workman  should  make  for 
himself,  if  he  is  desirous  of  making  his  mandril  still  more 
generally  useful. 

CHUCKS. 

403.  Prepare  a  number  of  chucks  of  the  form  shown  in 
fig.  4,  plate  VI.  Some  of  these  carry  a  small  bar  with 
screws  by  which  an  object  may  be  clamped  firmly  to  the 
chuck,  an  arrangement  which  is  also  shown  at  a,  fig.  10, 
plate  YIII. ;  others  have  a  hole  drilled  through  their  axis ; 
others  again  have  a  projecting  arbor,  &c.  They  may  also 
be  made  with  a  flat  face  on  which  to  cement  objects  in  the 
ordinary  manner. 

As  it  is  often  necessary  to  have  a  considerable  sur£ace  to 
cement,  for  example,  a  watch-plate,  one  or  more  may  be 
made  of  the  form  shown  at  t,  fig.  1,  plate  VII.  The  lower 
plate  being  clamped  in  the  dogs,  the  disc  e  will  be  free.  If 
this  disc  be  of  bronze  or  steel  it  may  be  used  as  a  lap  ;  if  of 
brass,  it  may  be  turned  true  and  used  as  a  wax-chuck,  &c. 
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The  chucks  shonld^  as  far  as  possible^  be  well  made^  so 
that  they  can  be  truly  centred  by  means  of  the  pump- 
centre. 

One  or  two  may  be  made  of  the  form  x  d  hfg,  fig.  1, 
plate  v.,  having  a  strong  wood  screw  at  the  centre  that  will 
serve  to  cany  a  piece  of  hard  wood,  a  use  of  which  will 
be  referred  to  when  we  consider  the  making  of  clock  spring- 
boxes  (568). 

TO   CENTRE    AN    OBJECT. 

404.  When  there  is  a  hole  at  the  centre  on  the  side 
towards  the  face-plate,  as  is  usually  the  case,  it  is  only 
necessary  to  place  this  hole  over  the  point  of  the  pump, 
pressing  it  inwards,  and  then  to  clamp  the  object  in  the  dogs, 
as  already  explained  (389) ;  the  pump  is  then  drawn  within 
the  body  of  the  arbor.  Very  often,  however,  there  is  no 
central  hole,  or  there  is  only  a  mark  on  the  face  that  is 
towards  the  cutter  ;  in  such  a  case  it  becomes  necessary  to 
centre  from  the  front  or  by  the  circumference. 

405.  To  centre  from  the  front. — If  the  object  is  held 

by  wax  on  a  plate,  it  may  be  centred  as  in  the  ordinary 
lathe  while  the  plate  is  hot,  by  resting  a  piece  of  pegwood 
on  the  T-rest  with  a  point  placed  in  the  central  hole,  and 
observing  whether  its  free  end  remains  stationary. 

After  the  plate  has  cooled,  the  accuracy  of  the  centring 
should  be  tested  by  means  of  a  long  piece  of  pegwood  which 
rests  on  the  T-^est  brought  close  up  to  the  object.  The 
pegwood  is  held  parallel  to  the  lathe-bed,  and,  if  the  centring 
is  satisfactory,  its  outer  end  will  not  move.  The  detection 
of  any  slight  movement  is  greatly  facilitated  by  placing 
some  fixed  object  close  to  the  free  end  of  the  pegwood.  If  a 
motion  is  still  observed  the  centring  is  imperfect,  and  must 
be  corrected  in  the  manner  explained  below  (407)- 

406.  PerreUt's  metliod  of  centring. — In  principle,  this  is 
identical  with  the  one  just  described ;  but  the  pegwood 
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index  is  replaced  by  the  small  apparatns  shown  in  fig.  7^ 
plate  VI. 

A  hollow  cylinder,  of  which  a  c  c  aMs  a  section,  is  firmly 
held  by  friction  by  its  portion  a  b  b^  a^  in  the  loose  poppet- 
head  (at  V  in  E,  fig.  1,  plate  VI.).  In  the  front  of  this 
cylinder  is  fixed  a  steel  ring  that  is  thick  at  the  circmnference 
and  tapers  inwards,  so  that  the  central  hole  has  a  cnttiiig 
edge.  The  two  black  triaogles  represent  a  section  of  this 
ring.  The  rod  r  n  passes  without  play  through  this  hole 
and  carries  a  projecting  ring  at  s  to  determine  the  distance 
to  which  ib  enters  the  collar  c  c ;  there  is  also  a  small  key 
that  corresponds  with  a  nick  in  c  c^  and  thus  preyento 
rotation. 

An  inspection  of  the  figure  will  show  that,  when  s  rests 
against  cc,  if  the  fiuger  be  placed  on  r  and  communicate 
motion  to  it,  the  rod  n  r  will  be  able  to  oscillate  in  any 
direction,  and  to  an  extent  limited  by  the  diameter  of  the 
hole  in  the  cylinder.  (Owing  to  an  error  on  the  part  of  the 
engraver  this  hole  is  represented  too  small ;  it  would  nofc 
allow  sufficient  freedom  of  motion  to  the  index.) 

The  error  in  the  centring  of  r  will  be  multiplied  at  n  in 
the  proportion  ofnsiosr:  thus  if  ;i  s  is  ten  times  s  r,  the 
motion  at  n  will  be  ten  times  as  great  as  the  actual  error 
at  r. 

407.  The  instrument  is  used  as  follows  : — ^The  object  to 
be  centred  being  placed  between  the  jaws  ff,ff  (fig.  2), 
replace  the  slide-rest  b  by  e  (fig.  1),  having  the  centring 
spindle  in  position  at  v.  Slide  e  towards  the  face-plate 
until  the  point  r  of  the  rod  enters  the  hole  or  central  mark 
of  the  object,  and,  setting  the  T-rest  close  to  the  point  n, 
rotate  the  face-plate.  If  the  centring  is  exact,  the  point  n 
will  remain  stationary.  If  n  moves  to  and  fro,  give  a  gentle 
blow  against  the  edge  of  the  object,  which  should  not  be 
held  firmly  in  the  dogs ;  the  blow  must  be  on  the  side 
opposite  to  that  at  which  n  shows  the  greatest  deviation 
from  the  point  of  reference.    Eepeat  the  process  until  the 
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centring  is  perfect  or  sufficiently  accurate  ;  then  clamp  the 
dogs  firmly,  taking  care  not  to  disturb  anything. 

In  centring  from  a  jewel-hole,  an  aluminium  rod  n  s  may 
be  employed  on  account  of  its  lightness,  and  it  may  be 
terminated  in  an  ivory  cone  at  r. 

408.  There  is  one  precaution  to  be  observed,  as  it  facili- 
tates the  use  of  this  appHance;  it  is  advisable  that  the  portion 
a  b  b^  a^  of  the  cylinder  be  somewhat  long  and  well  made, 
in  order  that,  while  being  in  the  first  instance  inserted  in  v 
ap  to  the  shoulder,  the  cylinder  may  be  partially  withdrawn 
and  still  held  firmly.  The  reason  for  this  is  as  follows : 
when  the  poppet-head  is  pushed  along  the  bar,  a  considerable 
amount  of  friction  resists  its  motion,  and,  as  the  hand  cannot 
always  control  this  motion,  it  may  happen  that  r  comes  up 
against  the  object  with  some  force.  To  avoid  this,  bring 
the  point  near  the  hole  and  then  rotate  the  collar  in  the 
poppet-head  so  as  to  gently  withdraw  it  to  the  requisite 
amount. 

The  cylinder  may,  if  desired,  be  fixed  by  a  small  screw 
after  the  point  r  has  been  set  in  position.  Or  the  cylinder 
Hiight  be  adapted  so  as  to  be  attached  to  a  runner  in  a 
manner  analogous  to  the  drill  stock  described  in  articles 
413-4. 
X   409.  To  centre  from  the  circumference.— Two  cases 

may  occur  :  either  the  entire  rim  of  the  object  is  exposed, 
as  when  the  teeth  are  to  be  cut  in  a  wheel  blank ;  or  the 
rim  can  only  be  used  as  a  means  of  determining  the  centre, 
as  when  a  barrel  has  been  bushed  with  an  undrilled  bouchon. 
One  of  the  following  methods  may  be  adopted,  according  as 
is  most  convenient : — 

410.  Mrst  method. — ^The  small  tool  shown  in  fig.  2,  plate 
VII.,  at  ^  J  s  is  required.  It  consists  of  a  long  light  index 
d  h  supported  on  pivots,  so  that  one  end  d  travels  in  front 
of  a  graduated  arc  when  the  other  end  is  depressed.  The 
fcot  s  is  inserted  in  the  support  of  the  T-rest  of  an  ordinary 
lathe  or  mandril,  so  that  the  short  arm  h  rests  against  the 
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under  side  of  the  object — for  example^  a  spindle  t — ^that  it  is 
desired  to  centre. 

Or^  having  cemented  a  wheel  blank  on  a  chnck  of  the 
form  shown  in  fig.  4^  plate  YI.^  or  clamped  it  with  a  screw, 
the  pump-centre  being  drawn  within  the  arbor,  the  short 
arm  b  is  allowed  to  rest  against  the  rim  of  the  blank  ;  the 
stem  s  is  received  in  a  socket  c  to  which  a  rod  A  is  attached 
(fig.  2,  plate  YII.)^  and  this  rod  takes  the  place  of  the  cutter 
in  the  slide-rest.  When  the  face-plate  is  caused  to  rotate, 
any  movement  of  the  point  d  will  indicate  that  the  object 
is  excentric,  an  error  which  must  be  corrected  by  gently 
striking  one  side  of  the  chuck  as  explained  in  the  preceding 
paragraph. 

411.  Second  method. — ^When  it  is  required  to  drill  or 
merely  to  centre  the  hole  in  a  wheel,  barrel,  &c.,  that  does 
not  run  true,  clamp  a  piece  of  sheet  brass  in  the  dogs  and  turn 
out  a  sink  that  will  exactly  receive  the  wheel,  i&c.,  but 
allowing  it  to  project  slightly.  Now  unscrew  one  dog  and 
advance  it  a  little,  so  as  to  grip  the  edge  of  the  object  as  well 
as  the  plate  ;  move  the  other  dogs  inwards  in  succession,  and 
it  will  only  remain  to  drill  or  true  the  hole  with  a  suitable 
driU. 

UPRIQHTING   AND    DRILLING. 

412.  When  the  lathe  is  provided  with  a  loose  poppet- 
head. — Let  it  be  required  to  mark  and  drill  a  pivot-hole  in 
a  cock  when  the  plate-hole  is  accurately  centred  by  meang 
of  the  pump-centre.  Place  the  loose  poppet-head  e  (fig.  1, 
plate  VI.)  in  position  on  the  lathe-bed,  and  mark  the  posi- 
tion of  the  hole  with  the  point  i  of  the  runner  a  (fig.  3)  as 
in  an  ordinary  uprighting  tool ;  then,  if  the  hole  is  to  be 
very  fine,  make  it  with  an  ordinary  pivot-drill  or  a  **finished" 
drill  (333)  supported  by  the  hollow  end  v  of  a  reversed. 
This  operation  will  be  more  conveniently  performed  if  the 
mandril  is  held  in  the  vice  with  its  bed  vertical 
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If  the  hole  to  be  drilled  is  somewhat  large^  it  may  be 
drilled  with  the  centre^  (fig.  8)  carrying  a  cylindrical  drill, 
the  bed  of  the  lathe  being,  as  usual,  horizontal. 

Some  details  in  regard  to  uprighting  and  drilling  have 
already  been  given  in  article  391. 

413.  When  theimandril  is  not  provided  with  a  loose- 
poppet-head — In  such  a  case  it  is  possible  to  upright  and 
driU  by  using  fine  drills  and  marking  points  so  formed  as 
to  take  the  place  of  the  cutter.  Or  a  stock  may  be  made  to 
receive  drills,  points,  &c.,  and  it  may  be  well  here  to  remark 
that  stocks  of  the  same  form  are  convenient  for  receiving 
chamfering  or  sinking  tools,  such  as  are  shown  in  figs.  1,  8 
and  11  of  plate  IV.,  or  at  ^,  Gg.  8,  plate  VI. 

This  stock  is  shown  in  ^g.  9,  plate  VI.  An  inspection  of 
E  c  will  suffice  to  show  its  form,  and  it  may  be  used  for 
holding  either  a  drill  or  a  marking  point,  or  a  small  hollow 
centre  in  which  to  support  a  pivot  drill. 

The  following  method  should  be  adopted  for  securing 
aocniacy  in  the  adjustment  of  these  stocks  : — 

There  must  be  no  shake  of  the  stock  in  the  tool-holder  ; 
it  is  especially  important  to  avoid  any  displacement  during 
the  act  of  clamping.  If  there  is  any  reason  for  doubts  on 
this  point,  drill  a  hole  at  the  foot  of  the  cutter  in  which  an 
index,  y  (fig.  9),  can  be  temporarily  inserted  ;  any  displace- 
ment can  be  detected  by  its  deviation  from  a  fixed  mark. 
As  a  rule,  however,  there  will  be  no  occasion  for  doubt  if  the 
plate  that  is  screwed  down  upon  the  stock  is  parallel  to  the 
bed  of  the  tool-holder. 

The  cutter  is  then  replaced  by  a  stock  of  the  form  shown 
at  B*  (fig.  9),  in  which  a  hole  has  been  previously  drilled  to 
receive  the  drill  or  other  bit,  but  somewhat  smaller  than  it 
is  required  finally  to  be.  The  pump-centre  must  now  be 
replaced  by  an  accurately  fitting  piece  b  that  terminates  in 
a  short  semi-cylindrical  drill. 

It  will  be  evident  that  if  the  mandril  be  revolved  and,  at 
the  same  time,  the  tool-holder  advanced  towards  this  drill. 
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the  hole  in  the  stock  e^  will  be  enlarged  and  smoothed^  and  its 
a3ds  will  accurately  coincide  with  that  of  B.  Any  drill, 
chamfering  tool,  &c.,  that  has  been  turned  true  will,  there- 
fore, on  being  inserted  in  the  stock,  prove  to  be  strictly  in 
the  axis  of  the  lathe.    (See  articles,  391,  501 — 8.) 

To  drill  a  series  of  holes. 

414.  Mount  on  a  stock  similar  to  that  just  described  s 
small  frame  carrying  a  drill-stock,  as  shown  in  fig.  11,  pUe 
YI.  If  this  be  fixed  in  the  slide-rest  in  place  of  the  catto; 
it  can  be  used  for  drilling  a  hole  or  a  series  othoka 
previously  marked  out,  or,  if  the  pitch  of  the  transvcne 
screw  of  the  slide-rest  is  known  (401),  for  a  series  of  eqm- 
distant  holes  in  a  horizontal  line. 

When  it  is  required  to  drill  a  series  of  holes  in  a  circle,  m, 
for  example,  in  the  escape-wheel  of  the  pin  escapement^ 
bring  the  point  of  the  drill  on  to  the  circumference  and 
then  proceed  as  when  using  the  ordinary  wheel-cutting 
engine  provided  with  a  vertical  drill-holder,  taking  care  to 
fix  the  face-plate  by  means  of  an  index. 

This  index  should  have  a  means  of  slightly  modifying  i^ 
length,  so  that  the  point  of  the  drill  may  always  be  brongtt 
into  exact  coincidence  with  the  points  that  have  been 
previously  marked  on  the  object. 

It  will  be  observed  that,  if  the  drill  were  replaced  \ij  * 
round  milling  tool,  the  u's  of  a  cylinder  escape- wheel  m^W 
be  polished  or,  indeed,  cut,  the  concave  ends  of  the  teeth  of 
the  star-wheel  in  a  Geneva  stop- work  could  be  corrected 
&c.     But  it  is  unnecessary  further  to  insist  upon  the  WXtiJ 
uses  to  which  this  form  of  tool  can  be  applied. 

To  cut  the  teeth  of  a  ratchet,  minute-wheel,  &c. 

415.  When  the  face-plate  is  divided  on  the  circumference 
(400),  it  is  easy  to  cut  the  teeth  of  an  ordinary  wheel,  of  ^ 
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timepiece  escape-wheel,  barrel  ratchet,  to  cut  or  true  a  star- 
wheel  for  the  stopwork,  &c.  After  mounting  the  wheel  on 
a  chnck  and  carefully  centring  it,  replace  the  cutter  by  a 
small  revolving  cutter-frame  after  the  model  of  that  shown 
in  fig.  12,  plate  VI. 

The  stock  d,  shown  in  both  plan  and  elevation,  carries  a 
piece  c  at  right  angles,  which  has  a  slot  cut  throughout  its 
length.  In  this  slot  a  (J -shaped  support  can  be  clamped  by 
a  nut  in  any  position.  The  u  portion  forms  a  bearing  for  a 
cutter,  such  as  is  shown  at  /  in  the  figure,  and  the  axis 
projects  so  as  to  receive  a  ferrule  for  rotating  the  cutter  by 
a  bow. 

It  will  be  evident  that,  with  such  an  arrangement,  the 
height  of  the  cutter  can  be  adjusted  in  accordance  with  the 
teeth  to  be  cut,  and  that  it  is  brought  up  against  the  wheel  by 
means  of  the  screw  D  (fig.  2),  the  motion  of  the  bow  being 
uninterrupted. 

To  cut  a  circular  or  elliptic  groove. 

416.  For  this  purpose  no  special  accessory  is  needed ;  an 
ordinary  cutter  will  suffice. 

Let  abed  (fig.  3,  plate  VII.)  be  the  form  of  the  required 
groove.  Mark  a  series  of  centres  so  that  circles  struck  from 
them  will  just  overlap  one  another,  and  at  the  same  time 
nearly  reach  the  edge  of  the  groove.  Then  turn  out  all  the 
circular  sinks,  indicated  by  shaded  lines,  to  the  required 
deptL 

Centre  the  plate  by  the  point  o  from  which  the  arc  a  Z' 
is  struck ;  now  bring  the  cutter  to  such  a  position  that  its 
outer  cutting  edge  coincides  with  the  arc  a  5,  and  bring  it 
against  the  plate ;  set  the  face-plate  in  motion,  not,  however, 
by  using  the  handle,  but  by  the  hand  at  its  circumference, 
and  traverse  the  arc  from  b  to  a;  then  withdraw  the  cutter. 
By  this  means  the  projecting  angles,  left  white  in  the  figure, 
will  be  removed  and  a  clean  edge  will  be  left  to  the  groove. 

T 
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As  an  oporation  of  this  description  will  not  present  any 
difficulty^  farther  explanation  appears  unnecessary ;  for  the 
information  above  given  will  enable  any  watchmaker  to  make 
curved  grooves  of  the  kind  indicated.   (See  articles  41 — 2.) 

If  it  is  required  to  smooth  the  surface  of  the  groove, 
replace  the  cutter  by  a  pegwood  stick  that  can  be  rotated  with 
friction,  and  the  end  of  which  just  fits  into  the  groove, 
charging  it  with  pumice  or  other  stone  and  oil.  One  hand 
moves  the  face-plate  backwards  and  forwards  while  the  other 
rotates  the  stick. 

417.  To  cut  the  cylinder  escape-wheel  cock  passage. — As  a 
rule  the  cock  is  cemented,  inverted,  to  a  wax  chuck  and  the 
passage  cut  or  enlarged  on  the  mandril.  It  is  more  ex- 
peditious to  use  a  plate  provided  with  a  clamping  bridge  as 
shown  at  a,  fig.  10,  plate  VIII.  The  face-plate  should  be 
made  to  oscillate  backwards  and  forwards  by  hand,  and  not 
rotated  by  the  wheel. 

To  make  a  straight  groove. 

418.  ^et  method. — The  tool  devised  by  M.  Ghopard,* 
and  shown  in  fig.  8,  plate  VI.,  is  used  for  this  purpose.  As  will 
be  seen,  it  consists  of  a  small  lathe  which  is' adapted  to  the 
slide-rest  as  follows : — 

Two  pins  ay  a\  are  planted  in  the  top  of  the  tool-holder, 
the  cutter  together  with  the  plate  by  which  it  is  clamped 
having  been  first  removed.  Holes  drilled  in  the  frame  //, 
fit  accurately  on  to  these  pins,  while  a  screw  h,  passing 
through  an  intermediate  hole,  affords  a  means  of  firmly 
fixing  the  apparatus  to  the  tool-holder  h. 

This  tool  should  satisfy  the  following  conditions : — ^The 
arbor  c  should  fit  into  the  recess  that  receives  a  cutter,  but 
without  coming  into  contact  with  it ;  this  arbor  should  be 
parallel  to  the  bed  of  the  mandril ;  and,  lastly,  the  axis  of 
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c  shoald  be  a  prolongation  of  that  of  h,  fig.  2,  which  is 
indicated  by  ^  in  fig.  8. 

419.  Having  set  this  little  appliance  in  position^  trace  on 
the  watch-plate  two  lines  indicating  the  directions  of  the 
sides  of  the  groove  as  well  as  lines  fixing  its  length.  Now 
place  the  plate  in  the  dogs^  setting  the  point  of  the  pnmp- 
centre  anywhere  on  the  line  drawn  along  the  middle  of  the 
groove.  Turn  the  plate  so  that  this  line  is  horizontal^  and 
fix  it  in  any  way  that  is  convenient. 

The  arbor  o  carries  a  revolving  cutter  k,  which  can  be 
changed  as  desired^  and  is  held  in  position  by  the  clamping 
screw  d.  Assume  that  the  diameter  of  this  cutter  corresponds 
exactly  with  that  of  the  required  groove  ;  with  one  hand 
advance  it  towards  the  plate  by  means  of  the  screw  d  (fig. 
2)  while  the  other  hand  works  the  bow  rapidly,  the  cord 
being  round  the  ferrule  h ;  a  circular  sink  wiU  thus  be 
formed  in  the  plate  of  the  same  diameter  as  k. 

When  this  has  been  cut  to  a  sufficient  depth,  the  left 
hand  is  transferred  from  the  handle  d  to  c  (fig.  2),  by  which 
the  tool  is  moved  parallel  to  the  face-plate,  and  the  cutter  k, 
continuing  its  movement  of  rotation,  will  now  cut,  not  with 
its  extremity  i,  but  with  its  sides.  It  will  thus  form  a 
straight  groove  of  any  desired  length. 

420.  The  cutter  is  a  three-sided  prism,  or  it  may  have 
four  sides  with  four  cutting  edges  on  the  sides,  and  only 
one  cutting  edge  at  the  extremity  ^.  If  it  is  preferred  to 
retain  only  the  two  acting  edges  that  start  &om  either  end 
of  the  cutting  edge  i,  they  may  be  made  more  acute,  and 
the  other  pair  reduced  by  means  of  a  file. 

421.  Second  method. — ^This  is  simpler  than  the  one  just 
considered.  At  the  end  of  a  rod  G,  fig.  10,  plate  VI.,  which 
takes  the  place  of  the  cutter  in  the  slide-rest,  a  plate  ^  is 
fixed.  A  line  is  drawn  across  the  face  of  this  plate  in  such 
a  position  that,  when  g  is  clamped  in  the  tool-holder,  this 
line  is  horizontal,  and  in  the  plane  that  contains  the  axis  of 
the  pump-centre. 
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Let  it  be  required  to  cat  a  straight  groove  in  the  piece  of 
bnusB  Z.  Wax  it  to  the  plate  p  so  that  the  axis  of  the 
required  groove  is  over  the  line  traced  on  the  plate.  Now 
fix  a  in  the  tool-holder  and  replace  the  pnmp-centre  by  a 
rod  Df  the  extremity  of  which  is  formed  into  a  cntter  of  a 
diameter  equal  to  the  width  of  the  required  groove  ;  the  rod 
D  should  be  fixed  in  the  hollow  arbor  by  a  screw  in  the 
position  indicated  by  ^  in  fig.  2.  It  is  then  only  necessary 
to  set  the  cutter  in  motion  by  means  of  the  handle  of  the 
mandril  with  one  hand  whfle  the  other  turns  the  handle  d 
(fig.  2),  forcing  the  piece  /  against  the  revolving  cutter,  until 
the  requisite  depth  is  attained.  Then,  by  moving  the  handle 
e^  the  tool-holder  travels  parallel  to  the  &ce-plate  and  the 
groove  will  be  elongated  until  of  the  desired  length. 

422.  The  cutter  may  be  of  the  form  shown  in  fig.  8,  or 
it  may  be  as  shown  at  ^  in  fig.  10,  since  the  movement  is 
always  in  the  same  direction.  The  cutting  edges  are  each 
formed  by  two  small  inclined  faces,  one  pair  of  which  is 
shown  at  h ;  they  occupy  half  the  diameter  of  the  cutter. 
At  the  l^ack  of  this  pair  the  cutter  presents  the  appearance 
of  the  lower  half  shown  in  the  figure  and  vice  versd. 

It  will  be  evident  that  the  two  sides  of  this  cutter  wiU 
act  while  its  motion  is  continuous  in  one  direction. 

Besides  the  numerous  operations  that  can  be  performed 
on  the  mandril  as  we  have  hitherto  indicated,  it  may  be 
employed,  if  divided  on  the  circumference,  for  tracing  out 
angles,  marking  the  crossings  of  a  wheel,  a  balance,  &G., 
and  for  other  purposes,  many  of  which  are  referred  to  in 
the  course  of  this  work. 
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PRODUCTION  OF  INTERNAL  AND  EXTERNAL 

SCREW-THREADS,    AND    MAKING   OF 

SCREWS    AND    FUSEES. 

SCREW-PLATES     AND     TAPS. 

423.  The  lathes  employed  in  the  mann&ctiiie  of  screws 
are  of  two  kinds ;  those  intended  for  polishing  and,  where 
necessary,  modifying  the  form  of  screw-beads,  mnch  nsed 
bj  watch  examiners  and  jobbers,  and  those  specially  designed 
for  cutting  the  threads,  which  are  mainly  in  nse  among 
mechanics. 

Before  discussing  them,  however,  we  will  give  some 
account  of  the  screw-plates  and  taps  in  ordinary  use. 

424.  Common  hand  screw-plates. — ^The  use  of  these 

is  much  facilitated  by  providing  a  second  plate  perforated 
with  holes  of  such  sizes  that  a  spindle  which  just  passes  into 
a  hole  of  any  given  number  will  be  of  the  size  most  con- 
venient for  forming  a  screw  in  the  hole  of  the  same  number 
in  the  screw-plate.  For  a  long  time  we  have  made  use  of 
two  Latard  screw-plates  so  made  that  a  rod  which  would 
enter  one  hole  without  play  was  of  the  most  convenient  size 
for  forming  a  screw  in  the  next  smaller  hole  but  one  (thus 
4he  plate  perforated  with  plain  holes  can  be  replaced  by  a 
second  screw-plate,  or  by  nsing  the  successively  larger  holes 
on  a  single  plate  as  gauges). 

In  order  to  form  a  screw  that  is  clean-cut  and  even,  with 
ihe  least  possible  straining  of  the  metal,  the  boles  in  the 
£crew-plate  should  have  notches  cut  as  shown  at  f,  fig.  3, 
plate  VII. ;  they  should  be  carefully  hardened  and  well 
^lished  on  each  side  of  the  notch,  and  this  system  is  now 
'Cven  applied  in  the  case  of  the  smallest  jewel  screws. 

425.  Screw  dies. — The  ordinary  plate  in  which  notchi 


278  THE  WATCHMAKEES'   HAND-BOOK. 

are  not  cut  at  the  sides  squeezes  up  and  strains  the  metal. 
This  effect  is  less  marked  when  separate  dies  are  used,  and 
disappears  entirely  if  only  a  small  quantity  of  metal  ia 
removed  at  a  time,  and  the  cutting  edges  of  the  dies  are 
smooth  and  in  good  order.  In  addition  to  possessing  other 
advantages  this  form  of  screw-plate  enables  us  to  obtain  at 
will  screws  of  the  same  thread  and  different  diameters  or  of 
the  same  diameter  and  different  threads.  The  dies  must  be 
carefully  fitted  to  the  slides  that  receive  them.  Dies  cannot 
be  employed  for  cutting  very  small  screws. 

426.  Pine-threaded  screw-plates.— At  the  present  day 

these  can  always  be  obtained  at  the  tool-shops  ;  but  thirty 
years  ago  it  was  not  so,  and  the  watchmaker  was  obliged  to 
make  them  for  himself.  The  following  method  was 
adopted : — 

Take  a  screw  fonned  with  an  ordinary  plate,  in  which 
the  thread  is  broad  as  compared  with  the  hollow.  If  the 
screw  does  not  satisfy  this  condition  it  must  be  modified 
thus:— 

Having  ascertained  that  it  runs  true  on  its  points^  and 
that  it  is  larger  than  will  be  ultimately  required,  attach  a 
ferrule  to  the  screw  and  place  it  between  the  centres  of  the 
lathe.  The  T-rest  must  carry  a  smooth  horizontal  rod  of 
hardened  steel. 

Rotating  the  screw  with  a  bow,  hold  a  slitting  file  in  the 
hollow  ;  the  file  should  fit  into  this  hollow  accurately,  and 
should  be  smoothed  on  its  two  sides,  only  cutting  with  one 
edge.  The  bar  of  hardened  steel  will  determine  the  depth 
to  which  the  file  is  allowed  to  cut.  By  this  means  a  screw 
is  obtained  that  has  a  thread  thick  at  the  bottom.  With  the 
graver  remove  the  top  of  this  thread,  round  off  its  comers, 
and  harden  the  screw^  filing  three  facets  along  its  entire 
lengthy  that  make  it  taper. 

The  tap  having  been  thus  prepared  is  employed  for 
cutting  a  thread  in  a  piece  of  steel,  not  too  thick,  that  has 
been  previously  annealed,  and  in  which  a  hole  is  drilled  of 
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the  proper  size.    The  thread  of  this  internal  screw  will  be 
thin  and  the  hollow  proportionatdj  broad. 

The  plate  is  now  hammoed  cold  with  care  nntQ  the 
thickness  is  so  far  diminished  that  the  thread  and  hollow 
are  as  nearly  as  possible  of  equal  thickness.  Harden  it  and 
chamfer  the  ends  of  the  hole  with  a  conical  steel  point  and 
oilstone  dnsL  Then  dean  it  and  cnt  a  thread  on  a  piece  of 
soft  steel  which  may  be  formed  into  a  t»p. 

If  the  operation  has  been  properly  oondacted,  this  tap  will 
satisfy  the  prescribed  conditions,  and,  when  hardened,  it  is 
to  be  employed  to  cnt  a  diread  in  a  second  steel  {date,  which 
will  be  employed  as  a  screw-plate ;  for  that  first  formed 
musty  in  consequence  of  the  hammering  to  which  it  was 
subjected,  present  irr^nlarities  in  the  hole,  and  can  only  be 
used  to  cat  one  or  two  taps  cantionsly.  It  is  nsetess  for 
making  screws  or  for  tipping  brass.    (See  also  430.) 

427.  To  clear  a  stopped  hole  in  a  screw-plate, — Drill  a 
hole  through  the  centro  of  the  piece  of  metal  that  fills  up 
the  hole,  taking  care  to  maintain  it  central,  and  to  employ 
a  drill  that  is  sufficiently  small  to  avoid  all  risk  of  contact 
with  the  scrow  threads.  Pass  a  broach  through  this  hole 
and,  after  tightening  it  with  a  few  gentle  blows  with  the 
hanmier,  turn  it  in  such  a  direction  that  it  tends  to  unscrew 
the  broken  screw,  which  will,  in  nearly  eyery  case,  be 
removed  without  difficulty  by  this  means. 

Or  the  tool  described  in  article  370  may  be  used. 

TAPS, 

428.  Screw  cutting  comprises  two  distinct  operations — 
the  formation  of  a  spiral  thread  on  the  ciroumference  of  a 
cylindrical  spindle  and  of  a  spiral  groove  within  a  cylindrical 
hole  to  receive  this  thread. 

Taps  are  made  either  by  means  of  a  screw-plate  or  in  the 
lathe  ;  we  shall  presently  refer  to  this  second  method  (450)> 
Every  watchmaker  may  be  supposed  to  have  received. 
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in  his  career,  instruction  as  to  the  cutting  of  a  tap  with  a 
screw-plate.  Great  caution  is  necessary  in  the  hardening 
(87)/ for  if  the  tap  is  not  true  or  the  metal  burnt  it  will 
cut  badly  and  be  apt  to  break.  Taps  are  cleaned  after 
hardening  with  a  piece  of  wood  in  the  lathe  or  between  two 
hard  pieces  of  pith  covered  with  oilstone  dust,  and  either 
three  or  four  cutting  faces  may  be  made.  It  is  important 
to  avoid  the  production  of  a  burr  in  making  these  facets  :  a 
good  plan  is  to  make  them  while  the  metal  is  still  soft,  and 
to  pass  the  tap  through  the  plate  subsequently,  as  a  sharp 
cutting  edge  is  thereby  produced.  The  facets  should  be 
carefully  smoothed,  and  the  use  of  coarse  rouge  is  an 
advantage. 

A  tap  with  three  facets  gives  the  cleanest  cut  and  leaves 
the  most  space  to  receive  the  metal  that  is  removed,  but 
with  four  facets  the  roundness  of  the  hole  is  more  certain  to 
be  maintained. 

"We  have  seen  taps  formed  as  represented  at  m  (fig.  7, 
plate  XIII.),  so  that  the  object  in  which  a  thread  is  being 
cut  is  loose  at  the  part  <?,  when  the  direction  of  movement 
of  the  tap  is  reversed.  They  are  also  at  times  made  semi- 
cylindrical  as  at  G,  and  work  well  in  the  lathe  for  tapping 
brass,  but  we  have  not  tried  this  form  with  steel. 

429,  To  cut  a  tap  when  of  considerable  length.— 

The  following  precautions  must  be  observed  in  order  to 
ensure  that  a  long  screw  shall  be  both  round  and  true. 

The  steel  must  be  of  very  good  quality,  and  loose  dies 
should  be  used  in  preference  to  a  screw-plate.  It  is  a  good 
practice  to  employ  two  pairs  of  dies  (or  even  more) :  one  to 
rough  out  the  screw,  leaving  the  thread  somewhat  larger 
than  it  will  finally  be,  and  the  other  to  finish  after  having 
trued  it,  and  even  sometimes  lightly  turned  the  surface  in 
places.  Very  little  metal  must  be  removed  at  a  time,  the 
dies  should  have  sharp  cutting  edges,  and  a  rather  large 
number  of  threads. 

The  turns  can  be  used  for  cutting  the  thread  if  provided 
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with  an  arrangement  such  as  is  shown  in  fig.  6,  plate  IV. 
Or  a  screw  can  be  made  in  the  ordinary  manner  in  a  screw- 
plate  rather  larger  than  is  required,  then  reduced  to  the 
requisite  diameter,  and  finished  with  a  plate  in  which  the 
holes  are  of  the  form  shown  at  f  (fig.  8,  plate  VII.),  or  in  a 
screw-cutting  lathe  :  in  either  case,  however,  care  must  be 
taken  to  avoid  straining  the  metal  in  its  passage  through 
the  first  plate,  on  account  of  the  tendency  which  it  then 
possesses  to  become  distorted  in  the  hardening. 

If  a  micrometer  screw  is  required,  that  is,  a  screw  of 
absolutely  uniform  pitch,  it  is  necessary  to  apply  to  makers 
of  astronomical  and  other  similar  instruments  of  precision. 

430,   To  cut  a  screw  of  any  desired  pitch  and 

diameter. — Let  it  be  required  to  cut  a  thread  on  the  stem  b 
(fig.  I,  plate  VII.),  of  any  pre-determined  pitch  that  already 
exists  in  a  screw-plate.  Turn  down  the  portion  d  to  such  a 
diameter  that  a  screw  can  be  cut  on  it  in  this  hole,  and  fit 
two  runners  to  the  lathe  of  the  form  shown  at  a  and  h.  The 
end  of  H  is  drilled  and  tapped  so  that  d  turns  freely  in  it 
and  a  hole  is  drilled  in  a  to  receive  the  stem  b  freely,  but 
without  sensible  play,  and  a  fine  notch  is  cut  at  a. 

It  will  be  obvious  that  if  now  the  ferrule  r  is  caused  to 
rotate  by  a  bow  while  a  fine  saw  or  file  is  inserted  in  the 
notch  a,  a  screw  will  be  formed  on  b  of  the  same  pitch  as 
that  on  d,  although  there  may  at  the  same  time  be  a  very 
considerable  difference  in  their  diameters.  This  method 
may  be  adopted  in  place  of  that  explained  in  article  426  for 
obtaining  a  fine-threaded  screw. 

431.  Left-handed  screw  taps.— The  manner  in  which 
these  are  made  in  the  screw-cuttiug  lathe  will  be  subsequently 
explained  ;  in  its  absence  the  watchmaker  may  adopt  one 
of  the  following  methods  : — 

First  method. — If,  when  an  internal  screw  has  been  cut 
with  a  right-handed  tap,  B  (fig.  4,  plate  VII.),  it  be  required 
to  tap  a  second  hole  in  the  reverse  direction,  the  following 
plan  may  be  resorted  to  : — 
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File  the  original  tap  b  on  two  opposite  sides  so  as  to  give 
it  the  flattened  shape  shown  at  a  in  the  same  figure.  Insert 
the  end  into  the  hole  to  be  tapped  and  tnm  the  tap  towards 
the  left  with  the  application  of  considerable  pressure  so  as 
to  force  the  tap  to  bite.  When  the  tap  has  been  passed  in 
and  withdrawn  there  will  be  found  to  be  a  left-handed  thread 
cut  in  the  hole.  For,  if  the  tap  is  turned  towards  the  right, 
the  thread  /passes  into  the  groove  already  formed  by  the 
thread  a,  &c.;  but,  if  turned  towards  the  left, /will  originate 
a  groove  into  which  &  will  pass,  travelling  in  an  inverse 
direction  to  that  previously  given  to  it. 

The  finer  the  thread  of  the  screw,  the  better  is  the  chance 
of  success,  and  with  a  wide  thread  it  is  often  necessary  to 
re-commence  two  or  three  times.  If  a  plate  or  pair  of  dies 
be  cut  in  this  manner  and  hardened,  they  will  serve  to  cut 
an  even  left-handed  tap. 

Second  method, — Attach  a  eomb  to  one  or  two  sides  of  a  . 
cylinder,  as  indicated  at  f  (fig.  5,  plate  VII.).  This  can  be 
used  to  cut  a  thread  in  the  piece  of  metal  s,  that  is  either 
right  or  left-handed  according  to  the  direction  of  rotation 
of  F,  sufficient  pressure  being  at  the  same  time  applied  to 
force  it  into  the  plate.  The  pitch  of  the  thread  will  depend 
on  the  amount  of  pressure  applied.  This  plan  is  only  a 
modification  of  the  one  described  above,  and,  as  in  that 
case,  success  can  only  be  guaranteed  when  a  means  is 
adopted  for  securing  a  definite  relative  amount  of  motion  in 
F  round  its  axis  and  s  vertically. 

Third  method. — ^A  tap  of  unhardened  steel  is  filed  into  a 
triangular  form  (c,  fig.  10,  plate  VII.),  and  twisted  so  as  to 
bring  the  angles  J,/,  towards  a,  dy  &c. ;  we  thus  obtain  a  tap 
which  will  serve,  throughout  a  certain  portion  of  its  length, 
to  cut  a  left-handed  thread,  but  the  part  that  is  not  so 
adapted,  at  the  extremities,  will  require  to  be  removed  before 
hardening. 

432.  To  moke  a  left-handed  tap  ly  mmns  of  a  right- 
handed  tap. — ^A  portion  of  the  right-handed  tap  is  filed  off 
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on  three  faces  to  the  section  shown  at  h  (fig.  6,  plate  VII.), 
and  firmly  set  in  the  die  ^  so  as  to  be  held  in  the  frame  for 
screw-cutting  dies.  A  second  die  /  made  of  brass  and 
having  a  semi-cylindrical  recess  opposite  h  is  fitted  to  the 
frame.  The  diameter  of  this  semi-cylinder  should  be  the 
same  as  that  of  the  rod  on  which  a  left-handed  thread  is  to 
be  cut.  Now  grip  this  rod  as  shown  at  a  by  means  of  the 
screw  Qy  so  that  it  is  held  between  the  die  /and  the  block 
hy  and  rotate  the  frame  or  the  rod  a  towards  the  left ;  a 
spiral  groove  will  thus  be  cut  by  the  thread  on  I,  It  is 
sometimes  an  advantage  to  cut  this  thread  lengthwise  in 
the  manner  indicated  at  ¥. 

This  method  enables  us  to  cut  a  given  thread  on  a  rod  of 
any  diameter.  From  an  examination  of  figs.  4  and  6,  it 
will  be  seen  that  a  simple  coml;)  of  the  form  c  or  d,  careftdly 
made  by  hand  and  fised  in  the  place  of  h  (fig.  6),  can  be 
employed  to  cut  a  right  or  left-handed  thread  on  any  given 
rod  ;  it  is  advisable,  however,  that  the  teeth  of  the  comb  be 
inclined  to  the  axis  of  the  screw,  like  the  thread  of  an 
ordinary  tap,  as  otherwise  the  operation  becomes  more 
difiicult  and  success  less  certain. 

The  method  may  be  simplified  by  taking  a  brass  plate,  d 
(fig.  10),  of  sufficient  thickness,  and  firmly  setting  in  it  the 
right-handed  tap,  Vy  having  only  filed  away  two  opposite 
faces  before  hardening.  The  rod  to  be  tapped  is  then  intro- 
duced with  considerable  pressure  into  the  hole  y,  and,  if 
rotated  towards  the  left,  it  will  receive  a  left-handed  thread 
of  the  same  pitch.  The  notch  shown  at  ¥y  fig.  6,  will 
facilitate  the  operation,  as  a  cutting  action  will  take  the 
place  of  compression. 

433.  M.  Gontard  has  suggested  a  modification  [of  this 
arrangement,  which  consists  in  forming  the  die  /,  fig.  6,  so 
that  the  original  right-handed  tap  can  be  embedded  in  a 
hole  previously  tapped  in  it  and  filed  away  on  the  side 
towards  h  so  as  to  expose  a  cutting  edge  ;  and  he  points  out 
that,  by  suitably  inclining  the  frame  with  reference  to  the 
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axis  of  the  rod  to  be  tapped,  the  appliance  can  be  used  to 
cut  a  double  or  even  a  triple-threaded  screw,  right  or  left- 
handed.  He  farther  draws  attention  to  the  fact  that  in 
a  screw  formed  in  this  manner  the  sides  of  the  thread 
are  smooth  and  polished,  a  condition  which  cannot  be 
secured  when  either  a  plate  or  dies  are  used. 

434,  To  increase  the  diameter  of  a  tap.— It  some- 
times happens  that  a  screw  will  not  penetrate  to  a  sufficient 
depth  or  fits  too  tightly  into  its  hole,  owing  to  the  tap  em- 
ployed being  of  a  less  diameter,  either  in  consequence  of  the 
hardening,  polishing  or  wear,  or  through  having  been  formed 
in  a  diflferent  screw-plate.  In  such  a  case  the  following 
expedient  may  be  resorted  to  : — 

Make  a  fresh  tap  in  soft  steel  and  file  away  two  opposite 
sides  so  as  to  give  it  the  section  shown  at  a  or  b,  fig.  5, 
plate  VII. :  after  measuring  the  diameter  at  several  points 
in  its  length,  hammer  gently  on  the  flattened  sides.  With 
a  little  care  and  by  using  a  micrometer  at  intervals  for  testing 
the  alteration  in  diameter,  it  will  be  found  that  the  required 
increase  can  be  obtained  without  much  difficulty.  The  tap 
is  then  hardened  and  polished,  &c.;  indeed,  it  is  best  to 
make  a  fresh  tap  in  the  manner  explained  in  par.  267. 

METHODS    OF   TAPPING    HOLES. 

435.  It  is  needless  to  refer  to  the  method  of  tapping 
by  hand,  as  it  is  well  known  to  all  practical  men  (see  289). 

436.  Tapping  in  the  mandril— The  plate  of  a  watch 

is  gripped  in  the  dogs  of  the  face-plate,  the  hole  to  be 
tapped  being  centred  by  means  of  the  pump-centre,  which 
is  then  withdrawn,  and  a  tap  held  to  the  hole  ;  the  face- 
plate is  then  caused  to  rotate  either  by  the  hand  resting  on 
its  circumference,  a  slight  backward  motion  being  given 
after  each  advance,  or  the  motion  may  be  continuous  and 
given  by  the  handle.  In  the  latter  case,  however,  the  tap 
must  have  a  good  cutting  edge  and  only  be  held  in  the  hand 
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with  the  degree  of  force  required  to  make  it  cut,  so  that  it 
may  rotate  without  breaking  in  case  the  resistance  opposed 
becomes  too  great. 

The  tap  may  be  steadied  on  the  T-rest,  or  the  following 
plan,  which  is  equally  applicable  with  other  forms  of  lathe, 
can  be  resorted  to.  Mount  the  tap  in  a  spindle  that 
travei-ses  the  hole  d  v  of  the  loose  poppet-head  e,  6g.  1, 
plate  VI.,  either  adapting  it  as  a  runner  or  of  the  same 
diameter  as  a  hole  in  a  collar  fitted  into  either  end  of  d  v. 

It  will  be  obvious  that,  with  such  an  arrangement,  it  is 
possible  to  tap  in  the  ordinary  way,  maintaining  the  plate 
stationary  with  one  hand  while  the  tap  is  rotated  with  the 
other.  Indeed,  the  inertia  of  the  plate  is  often  sufScient 
without  holding  it. 

As  with  the  succeeding  methods,  a  certain  number  of 
preliminary  trials  will  be  found  necessary. 

437.  To  tap  with  a  mainspring  winder.— The  ordi- 
nary mainspring  winder  will,  if  the  click  work  is  removed^ 

be  found  very  convenient  for  tapping  holes,  and,  indeed,  for 
forming  the  external  thread  on  screws.  Having  removed 
the  winding  arbor,  replace  it  by  a  tap  carefully  centred  ; 
then  introduce  its  coned  end  into  the  hole  in  the  plate 
which  must  be  pressed  forward  while  the  handle  is  turned,  a 
short  backward  motion  being  given  to  it  at  frequent  intervals. 
When  the  tap  is  engaged  sufficiently  in  the  hole  it  is. 
merely  necessary  to  maintain  the  plate  at  right  angles 
without  applying  pressure. 

438.  To  tap  with  a  bow. — Instead  of  the  mainspring 

winder,  one  of  the  small  drill-stocks  to  be  driven  by  a  bow,, 
consisting  of  an  arbor,  with  a  coned  hole  at  one  end  and 
ferrule  at  the  other,  supported  in  a  frame  that  is  clamped  in 
the  vice,  may  be  used.  They  are  to  be  obtained  at  any 
tool-shop. 

The  bow  being  on  the  ferrule  and  the  tap  properly  centred 
in  the  arbor,  the  hole  is  held  against  the  coned  end  and  the 
bow  worked  with  an  alternate  forward  and  backward  motion 
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similar  to  that  of  the  handle  when  the  mandril  is  used  ;  but 
if  the  tap  has  a  good  cutting  edge  and  the  bow  is  strong 
(of  steel  or  cane),  a  hole  may  be  tapped  with  a  single  stroke 
of  the  bow.  After  a  few  trials  the  method  will  be  found 
very  easy  and  certain. 

A  regular  and  rather  slow  motion  should  be  given  to  the 
bow,  which  should  be  long  and  strong.  It  is  well  to 
ascertain  the  number  of  revolutions  of  the  ferrule  that 
correspond  to  a  stroke  of  the  bow,  so  as  to  ensure  that  the 
tap  is  not  introduced  to  a  greater  depth  than  is  required. 
If  it  is  desired  that  the  screw  work  easily  in  the  hole,  the 
tap  should  be  moved  several  times  backwards  and  forwards. 

439.  The  little  turns  here  referred  to,  some  of  which  are 
perforated  throughout  their  entire  length  and  others  only 
at  one  end,  are  very  cheap  and  will  often  be  found  useful ; 
they  can  be  adapted  to  receive  drills,  broaches,  taps,  &c. 

440.  To  tap  in  an  ordinary  lathe.— In  faotories  it  is  a 

common  practice  to  tap  the  holes  in  plates,  &c.,  and  even  to  cut 
the  threads  of  screws  in  a  lathe  specially  arranged  for  the 
purpose.  The  tools  adapted  for  such  work  are  of  two  kinds : 
in  some  the  tap  enters  to  the  required  depth,  when  it  is 
immediately  arrested,  disconnected,  and  then  rotated  in 
an  opposite  direction ;  in  others,  the  tap  advances  to  a 
definite  point,  and  is  immediately  withdrawn.  As  a  rule, 
however,  the  tap  remains  stationary  and  the  object  is  caused 
to  rotate. 

441.  Beillard  lathe  for  tapping  screws.— The  axis 

pw,  fig.  10,  plate  XIII.,  is  perforated  throughout  its  length. 
At  F,  the  screw-plate  a  is  dovetailed  into  it.  The  inner 
end  of  the  hole  in  this  plate  is  slightly  coned  to  facilitate 
the  insertion  of  the  brass  wire  d,  and  it  must  be  exactly  in 
the  axis  of  f  m.  A  guide  b  sliding  on  two  rods  c,  c,  is 
traversed  by  the  rod  d  which  can  be  clamped  in  it  by  the 
screw  a. 

By  pushing  d  against  the  screw-plate  at  the  same  time 
that  the  handle  n  is  rotated,  a  thread  will  be  traced  on  it 
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and  it  will  emerge  at  k.  When  b  has  advanced  to  the  point 
my  the  screw  a  is  released^  b  is  drawn  back,  and  a  again 
clamped. 

When  a  long  screw,  such  as  x  a?  has  to  be  tapped,  the 
screw-plate  is  fixed  at  m,  and  the  guide  b  fastened  on  to  the 
portion  x.  Of  course  the  hole  in  the  screw-plate  must 
always  be  abundantly  provided  with  oil. 

If  the  screw-plate  F  is  replaced  by  a  plate  perforated  with 
a  round  or  square  hole,  a  drill,  broach  or  tap  may  be 
substituted  for  h,  being  clamped  by  the  screw  h,  and  the  tool 
is  at  once  available  for  drilling,  broaching  or  tapping  any 
given  hole. 

RAPID    MODE    OF   MAKING   A   SCREW. 

442.  The  methods  ordinarily  adopted  by  watchmakers 
are  too  well  known  to  need  description ;  we  wiU  therefore  at 
once  proceed  to  give  a  special  .plan  recommended  by  M. 
Vissi^re. 

An  excentric  poppet-head  with  boring-plate  (fig.  8,  plate 
VII.)  is  fitted  to  the  bed  of  the  lathe,  the  excentricity  being 
such  that  the  axis  of  the  centres  is  at  the  point  a  on  the 
circumference  of  the  circle  a  y.  The  conical  hele,  having 
a  centre  at  a,  is  cut  away  towards  the  rim  of  the  plate  to 
the  degree  indicated  in  the  figure,  and  its  centre  is  so 
placed  that  the  vertical  line  /  and  the  radius  d  are  inclined 
at  about  120°,  The  position  of  the  T'^est  is  shown  at  «, 
and  by  bringing  it  into  actual  contact  with  the  disc  the 
steadiuess  of  both  is  increased. 

The  fixed  headstock  of  the  turns  is  provided  with  a 
runner  of  the  form  b,  fig.  7,  plate  VII.,  terminating  in  a 
point  m  at  one  end  and  a  hollow  cone  or  funnel  n  at  the 
other  end. 

Having  filed  the  ends  of  a  rod  t,  of  any  required 
diameter,  square  and  fitted  a  ferrule,  support  it  between  the 
two  cones,  a  of  the  boring-plate  and  n  of  the  runner.    Near 
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the  end  a  cut  a  hollow  r  sufficiently  small  to  allow  the  stem 
to  pass  through  the  notch  in  the  hole  a  (fig.  8).  After 
passing  it  through,  the  rod  will  be  supported  as  shown  at  H 
(fig.  7),  so  that  the  rim  e  %  rests  against  the  cone. 

Further  explanation  is  hardly  necessary  ;  after  removing 
the  portion  c  g  with  a  graver,  turn  down  to  a  point  p, 
"When  making  a  screw  turnout  a  second  hollow  o  o^i  it  then 
only  remains  to  turn  off  the  disc  at  the  extremity,  and  the 
screw  will  be  roughed  out  of  the  form  cp  g  v. 

If  it  is  preferred  to  work  with  a  point  at  the  left-hand 
end  of  B,  remove  the  rod  after  the  point  v  has  been  turned, 
replace  m  b  n  by  a  common  runner,  reverse  b,  and  re- 
commence the  operation. 

It  would  be  difficult  to  devise  a  method  for  roughing  out 
a  screw  and  making  a  point  that  would  be  more  expeditious 
than  the  one  here  described. 

443.  Another  method. — ^Another  convenient  mode  of 
roughing  out  a  screw  consists  in  applying  a  rose-bit  against 
the  extremity  of  the  rod,  in  a  lathe  arranged  in  the 
manner  shown  in  fig.  10  on  page  212.  The  bit  has  teeth 
formed  at  the  flat  extremity,  and  is  perforated  with  a  hole 
through  its  axis  of  a  diameter  equal  to  that  required  for 
forming  the  screw,  and  funnel-shaped  backwards ;  it  is  then 
hardened  and  tempered  to  a  straw  colour  (88).  Being 
adapted  in  any  convenient  manner  to  the  end  of  the  runner, 
the  lever  is  used  to  press  it  against  the  extremity  of  the 
revolving  rod  carried  by  a  chuck  fixed  to  the  lathe-head. 
The  screw  is  thus  roughed  out  of  the  form  shown  at  x  x, 
fig.  10,  plate  XIII.,  of  course  without  the  thread. 

SCREW-HEAD   TOOLS. 

444.  These  are  of  various  kinds :  some  work  by  hand  and 
others  by  a  bow.  The  jaws  are  brought  together  sometimes 
by  a  sliding  ring,  and  at  others  by  a  milled  head  placed 
between  them  and  rigidly  attached  to  a  pin  tapped  with 
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right  and  left-handed  threads  that  engage  in  the  jaws.  Bat 
neither  of  these  plans  is  good ;  the  Ecrews  are  not  held 
firmly  and  thej  are  rarely  well  centred^  owing  to  the  slight 
displacements  of  the  jaws.  The  English  screw-headed  tool 
is  a  simple  lathe^  somewhat  of  the  form  shown  in  fig.  2, 
plate  III. 

A  better  plan  is  to  arrange^  either  in  the  lathe  or  in  the 
jaws  of  the  screw-head  tool  (when  driven  by  a  bow),  a  series 
of  chucks  of  the  form  shown  at  t,  fig.  9,  plate  VII.  They 
are  easily  made  and  tapped,  the  hole  i  serving  to  remove 
the  metal  from  the  inner  end  of  the  hole  that  has  to  be 
tapped;  such  chucks  oecupy  very  little  space,  and,  if 
numbered  to  correspond  with  the  size  of  screw,  any  chack 
required  can  be  found  without  trouble.  If  the  hole  becomeii 
too  large  owing  to  frequent  use,  a  larger  size  of  tap  can  be 
passed  through  the  hole  and  its  number  changed. 

44:5.  A  set  of  such  chucks  is  almost  indispensable  at  the 
present  day  to  the  watchmaker  who  wishes  to  repair  watches 
well ;  for  he  rarely  makes  his  own  screws,  as  they  are  to  be 
obtained  well  made  and  very  cheap  at  the  material-dealers, 
whereby  a  great  saving  of  time  is  effected.  But  their  heads 
are  seldom  of  the  proper  size  to  fit  the  original  sinks,  and 
by  being  provided  with  such  a  series  of  chucks  the  watch- 
maker can  at  once  overcome  this  difficulty,  as  he  can  turn 
the  heads  down  with  a  graver. 

44:6.  B,  fig.  9,  plate  YII.,  is  an  arbor  for  a  screw-head 
tool  that  is  driven  by  a  bow,  and  is  adapted  to  receive  such 
chucks,  or  it  can  be  used  in  an  ordinary  pair  of  turns,  d 
being  supported  on  a  pointed  centre,  and  ^  in  a  boring.plate 
(fig.  4,  plate  II.),  or  in  a  cone-plate  centre  (255). 

447.  In  this  form  of  screw-head  tool  the  portion  A  is 
sometimes  perfectly  cylindrical,  so  that  the  piece  v  can  slide 
on  to  it,  being  clamped  by  the  screw  b. 

This  tube  v  is  cut  away  through  about  half  its  length 

with  a  notch,  as  indicated  in  the  figure ;  bent  pieces  of 

hardened  steel  c  and  n  are  screwed  to  either  side  of  the 

u 
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notch.  Screws,  h  and  f^  provided  with  look-nuts,  determine 
the  distance  between  these  plates,  and  when  v  is  in  position 
on  A  the  ends  of  c,  n,  will  rest  on  the  screw-head,  leaving 
just  sufficient  space  between  them  for  inserting  the  file  that 
cuts  the  slit. 

Hard  steel  caps  of  the  form  shown  at  m  may  also  be  fitted 
to  A,  a  notch  being  cut  in  them  to  receive  the  screw  h. 
These  will  be  found  useful  as  guides  for  filing  or  polishing 
screw-heads,  or  the  ends  of  arbors  flat,  reducing  the  heads 
of  several  screws  to  the  same  height,  &c. 

448*  The  tool  for  forming  the  U'Spaces  in  a  cylinder 
escape-wheel*  can  easily  be  converted  into  a  screw-head  tool 
with  laps.  A  glance  ab  fig.  11,  plate  VII.,  will  at  once 
make  this  evident.  A  number  of  chucks  are  adapted  to  the 
arbor  a,  and  in  the  tube  c  c  either  a  X'^^st  or  a  spindle 
carrying  a  lap  is  fixed. 

It  will  also  serve  as  a  tool  for  drilling  (see  article  306) ;  a 
drill-chuck  with  drill,/  being  adapted  to  A,  and  the  object 
to  be  perforated  at  h  resting  against  a  plate  that  projects  at 
right  angles  from  a  slide  d  d,  which  may  be  advanced  by  a 
screwy. 

449.  Simple  form  of  screw-head  tool.— An  ordinary 
pair  of  turns  is  provided  with  two  runners  that  terminate  in 
arms  set  at  right  angles,  d  c,b  f,  fig,  9,  plate  XIII.  The 
spindle  T,  rotating  in  conical  holes  a  and  e  in  these  arms,  has 
its  ends  drilled  with  holes  in  the  axis,  and  tapped  so  as  to 
receive  screws  in  the  manner  shown  at  c.  It  is  obvious  that 
when  a  bow  cord  is  passed  round  t  and  the  T^rest  clamped 
on  the  bar  p,  it  will  be  easy  to  file,  turn,  or  polish  the  head 
of  a  screw  n. 

If  the  spindle  is  made  from  three  to  four  inches  long,  it  can 
be  conveniently  held  in  the  hand  for  cutting  the  slit,  &c. 
When  a  hole  becomes  too  large  drill  it  deeper,  tap  it  afresh, 
and  turn  off  the  useless  metal  at  the  end.     By  making  a 

*  See  Treatise  on  Modem  EoroUgy,  p.  278. 
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collar  of  the  form  x,  fig.  2,  plate  XIII.,  that  the  spindle  t 
will  fit  without  much  play,  the  screw-head  may  be  polished 
flat  on  a  sheet  of  ground-glass. 


SCREW-CUTTINQ   LATHES. 

450.  Fig.  14,  plate  VII.,  is  an  ideal  sketch  to  show  the 
principle  of  the  modem  screw-cutting  lathe. 

The  pulley  p  communicates  motion  to  the  spindle  v,  on 
which  a  thread  has  to  be  cut.  This  spindle  carries  a  wheel 
m  that  engages  with  a  second  wheel  n  fixed  to  the  longi- 
tudinal screw  of  the  slide-rest.  It  will  be  evident  that  when 
V  rotates,  the  tool-holder  will  be  displaced  laterally  and  the 
tool  wiU  trace  a  hehcal  groove  on  the  circumference  of  the 
spindle.  The  motion  can  be  obtained  in  the  manner  ex- 
plained above,  or  by  a  handle  on  v  prolonged,  or  on  the 
longitudinal  screw  of  the  slide-rest. 

It  is  to  be  observed  that,  when  a  right-handed  thread  is 
required,  the  screw  that  impels  the  tool-holder  should  be 
left-handed  in  an  arrangement  such  as  is  indicated  in  fig.  14, 
and  conversely.  The  pitch  of  this  leading  screw  must  be 
accurately  known ;  it  may  be  determined  by  measuring 
with  great  care,  either  by  a  dial  micrometer  or  a  vernier, 
the  interval  between  the  middle  points  of  any  two  threads,  an 
interval  which  then  has  to  be  divided  by  the  number  of 
turns  of  the  screw  that  are  comprised  between  the  limits 
taken:  the  result  is  the  pitch  of  the  screw. 

Suppose  this  to  be  1  millimetre  :  it  follows  that,  if  the 
wheels  m  and  n  are  of  equal  diameter,  the  cutter  will  be 
displaced  1  millimetre  for  -each  complete  revolution  of  the 
spindle  v  ;  when  the  number  of  teeth  on  n  is  half  that  of 
the  wheel  m,  it  will  be  displaced  2  millimetres,  and,  in  the 
converse  case,  half  a  millimetre.  Thus  the  pitch  of  the 
thread  cut  on  v  will  be,  in  th^e  three  cases,  1,  2  and  ^  a 
millimetre  respectively. 
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Let  B  be  the  radius  of  the  pitch  circle  of  the  wheel  m, 

„  p        „  pitch  of  the  longitudinal  screw  of  the  slide- 
rest, 
„    P        „  pitch  of  the  screw  to  be  cut  on  v. 
Then 

r 
or,  in  other  words, 

V  :p  :  :  B  :  r. 

Thus  the  pitch  varies  directly  with  the  radii  of  the  wheels. 

To  cut  a  screw  of  any  given  pitch  it  is,  then,  only  neces- 
sary to  select  suitable  wheels,  and  the  second  part  of  the 
Treatise  on  Modern  Horology  furnishes  all  the  information 
necessary  for  this  purpose. 

It  is  to  be  observed,  however,  that  fig.  14  does  not  repre- 
sent the  actual  arrangement  it  is  most  convenient  to  adopt 
in  practice,  for  an  account  of  which  the  reader  must  be 
referred  to  works  treating  of  Mechanical  Engineering,*  but 
it  serves  to  explain  the  principle  on  which  screw-cutting 
lathes  are  constructed. 

TO  CONVERT  THE  ORDINARY  TURNS  INTO  A  SCREW- 
CUTTING  OR  FUSEE-CUTTINQ  LATHE.. 

451.  Fig.  12,  plate  Y.  (described  in  par.  300),  repre- 
sents a  pair  of  turns  to  which  a  slide-rest  is  adapted,  and 
in  fig.  18,  plate  YIL,  is  given  a  section  of  the  side,  E,  of  the 
frame  with  the  modifications  that  are  needed  in  order  to 
trace  screw-threads  by  its  means. 

The  handle  of  the  screw  v  is  replaced  by  a  wheel  c  firmly 
fitted  on  to  a  square.    A  second  wheel  d  is  mounted  tight 

*  For  example,  Holtzapffers  Tumitiff  and  Mechanical  Manipulation , 
Vol.  IV. 
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on  the  numer  b  (which  gapports  the  end  of  the  rod  /  to  be 
formed  into  a  screw),  so  that  it  can  only  rotate  with  this 
mnner.  At  the  end  of  6  is  fixed  a  driver  j  that  commnni- 
cates  motion  to  /  by  means  of  a  carrier :  it  has  a  shonlder 
to  prevent  the  mnner  moving  longitudinally  in  the  frame  B, 
and  the  outer  end  of  the  mnner  is  provided  with  a  handle. 

It  will  be  evident  that,  if  the  pitch  of  the  screw  v  is 
known,  a  thread  can  be  cut  on  t  that  is  either  equal, 
greater,  or  less  by  properly  proportioning  the  wheels  e  and  d. 

452.  Remark. — The  screw  v  must  be  lefii-handed  if  a 
right-handed  thread  is  required  on  /,  when  the  arrange- 
ment is  as  above  describ^ ;  but  the  same  screw  can  be 
used  for  cutting  either  right  or  left-handed  threads  by 
using,  in  the  one  case,  two  wheels  c  and  J,  or  ^  and  h,  and,  in 
the  other  case,  two  wheels  q  and  «,  with  an  intermediate 
idle  wheel  x :  with  the  former  arrangement  the  thread  cut 
will  be  the  converse  of  that  of  the  leading  screw,  and  with 
the  latter  it  will  be  the  same. 

TOOL   FOR   CUTTING  FUSEES    AND   SCREWS. 

453.  In  order  to  adapt  the  tool  which  has  just  been 
described  to  cut  and  tme  fusees,  it  will  only  be  necessary  to 
suppress  the  transverse  screw  of  the  slide-rest,  8,  fig.  12, 
plate  v.,  and  to  apply  a  lever,  Z,  fig.  12,  plate  VII.,  by 
which  to  advance  the  cutter  to  or  from  the  work.  The 
extent  of  this  motion  is  limited  by  a  screw  i  b,  carried  by 
the  slide,  coming  in  contact  with  a  hard  steel  guide  i  J, 
screwed  to  the  cross-piece  z  z :  this  must  be  rigidly  fixed  to 
the  two  sides  of  the  frame  £  e,  fig.  12,  plate  Y. 

The  piece  i  y  is  a  template  giving  the  profile  of  the 
fusee,  and  the  degree  of  penetration  of  the  cutter  is  deter- 
mined by  i  bf  which  is  maintained  stationary  by  means  of  a 
lock-nut  0.  If  the  template  ij  were  a  straight-edge  parallel 
to  the  bed  of  the  lathe,  an  ordinary  screw  would  be  cut, 
and,  if  it  were  inclined,  we  should  obtain  a  conical  screw. 
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The  catter  should  onlj  be  in  contact  with  the  work 
while  in  the  act  of  cutting  ;  if  the  rotation  is  in  the  reverse 
direction,  it  must  be  drawn  away.  The  entire  apparatus 
requires  to  be  firmly  made,  and  to  work  freely  but  without 
shake. 


TOOLS   FOR    CUTTING  AND  ROUNDING-UP 
THE    TEETH    OF  WHEELS. 

WHEEL-CUTTINQ   ENGINE. 

464.  The  machine  for  dividing  the  circumference  of  a 
wheel,  termed  the  wheel-cutting  engine,  and  one  form  of 
which  is  shown  in  fig.  17  on  page  295,  is  well  known  to 
nearly  all  workmen.  The  wheel  is  fixed  to  a  chuck  at  b  by 
wax  or  screws,  or  by  the  pressure  of  a  hollow  cone  or  "  sugar 
loaf"  of  steel,  to  the  apex  of  which  pressure  is  applied  by 
the  arm  D,  or  in  other  ways.  The  wheel  may  be  centred 
either  by  a  pump-centre  within  the  chuck  or  by  an  appliance 
such  as  is  shown  in  fig.  2,  plate  YII.,  except  that  the  arm  h 
is  curved  and  its  index  much  longer.  This  little  addition 
may  be  fixed  to  the  frame  of  the  engine  in  any  convenient 
position. 

The  chuck  b  that  carries  the  wheel  is  rigidly  connected 
with  a  large  brass  plate  a  a,  on  which  are  concentric  circles 
of  divisions,  and  the  whole  can  be  maintained  stationary  by 
setting  the  point  of  the  index  o  c  in  any  desired  hole  on  the 
division-plate.  The  cutter  is  carried  on  an  arbor  (shown 
separate  at  l)  between  horizontal  bearings  in  the  frame  j, 
and  is  caused  to  revolve  by  means  of  the  pulley  k.  The 
several  parts  lettered  b,  p,  g,  h,  are  for  bringing  the  cutter 
against  the  wheel  and  modifying  the  direction  in  which  it 
moves,  so  that  the  machine  can  cut  straight  or  inclined 
teeth,  bevel  or  crown  wheels,  &c.  It  should  be  added  that 
the  engine  here  represented  is  more  complex  than  those 


S95 

ordimirily  need   tot  catting  watch-whedB,  aUiufn^    the 
principle  on  vhidi  k  acta  is  the  Bame. 

The  teeth  maj  be  cnt  b;  circnlar  cntt«n  of  Uie  natnra  of 
files,  bj  a  small  straight  cutter,  amilar  to  those  nsed  in  a 
slide-rest,  projecting  from  a  rotating  axis,  or  hj  sevoalsach 


cntters  moonted  on  a  disc  which  is  caneed  to  rotate.  For 
the  sake  of  distinction  it  will  be  well  (464)  to  refer  to  the 
first  of  these  as  Jile  or  nuU  euUers,  while  the  second  and 
third  maj  be  termed  respectively  tingle  and  mullipU  blade 
or  composite  euUert. 
WatchmaJrers  taxfAj  pMsess  a  eaSticieatij  U^  aesott- 
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ment  of  file-cutters  for  making  all  the  varions  forms  of 
teeth  that  are  met  with  in  horology ;  but  this  deficiency 
can  be  supph'ed  by  making  them  for  themselves  to  any 
required  pattern  in  the  manner  subsequently  described 
(464—491). 

455.  Observations, — The  wheel-cutting  engine  in  which 
the  plate  is  caused  to  rotate  by  means  of  a  tangent  screw  is. 
usually  the  most  accurate.  If  the  pitch  of  the  screw  is  fine 
it  will  give  all  the  subdivisions  of  a  circle  that  are  required 
for  ordinary  work^  but  it  is  essential  that  a  good  form  of 
counter  be  attached  to  the  screw,  and  a  certain  amount  of 
calculation  is  always  needful. 

The  engine  that  has  a  division-plate  with  conical  hole& 
arranged  concentrically  over  its  surface  is  simpler  and  better 
adapted  for  rapid  work.  The  larger  this  plate,  the  greater 
is  its  chance  of  being  correct  and,  at  the  same  time,  it 
affords  room  for  a  larger  number  of  divisions. 

It  is  preferable  that  the  cutter  frame  rise  and  fall  in  a 
vertical  dovetail,  for  when  the  arbor  is  carried  in  an  H* 
shaped  arm  pivoted  on  two  screws,  the  teeth  are  always: 
slightly  dished.  The  entire  apparatus  should  be  somewhat 
heavily  constructed  and  supported  on  a  solid  bed,  so  as  to 
prevent  the  vibration  of  the  cutter-arbor  from  being  dis- 
tributed  over  the  entire  machine. 

The  highest  numbers  on  the  plate  should  be  used  when- 
ever it  is  possible,  so  as  to  diminish  the  error  due  to  irregu- 
larities in  the  subdivision.  For  example,  in  cutting  a  wheel 
of  r»0  teeth,  use  the  90  or  120  circles,  taking  every  third  or 
fourth  hole  (see  par.  400)* 

These  remarks  will  probably  be  sufficient  to  enable  any 
watchmaker  who  possesses  a  wheel-cutting  engine  to  employ 
it  with  success  ;  we  will,  however,  add  the  description  of  a 
few  apphances  or  processes  that  have  a  bearing  on  this 
question. 

456.  To  divide  a  wheel  so  that  it  has  one  tooth  more 
or  less  than  any  given  number  on  the  division-plate. — 
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It  is  to  be  observed  that  neither  this  nor  the  following 
method  is  mathematically  exact,  but,  if  it  is  practised  with 
care  and  the  division-plate  is  of  sufficient  diameter,  the 
eiTor  may  as  a  rule  be  neglected. 

Let  p,  fig.  1,  plate  YIII.,  be  a  division-plate  that  has  a 
30  circle,  but  not  one  of  29  or  81  divisions.  Divide  the 
circumference  of  a  disc  J,  seen  on  edge,  into  a  large 
number  of  parts  in  the  engine,  360  for  example,  and  fix  it 
to  the  end  of  the  index,  at  the  same  time  attaching  a  finger, 
i,  to  the  support  8,  Now  advance  the  screw  of  the  index 
through  a  distance  corresponding  to  the  angle  If  k included 
between  two  successive  points  of  the  30-division  circle.  To 
measure  this  distance  a  pointer  should  be  previously  fixed  to 
the  frame  to  correspond  with  the  middle  point  of  a  hole  in  the 
circle  under  consideration,  and  the  motion  should  be  arrested 
when  it  coincides  with  the  next  succeeding  hole.  Assume 
that  this  amount  of  displacement  has  required  three  com- 
plete turns  of  the  screw  ;  1,080  divisions  on  the  disc  have 
thus  passed  under  the  finger  ».  Dividing  this  number  by 
31,  we  obtain  84-83. 

After  observing  the  division  on  d  tiiat  coincides  with  the 
pointer  »,  cut  the  first  space  of  the  wheel ;  then  cause  34*83 
divisions  to  pass  under  »,  in  such  a  direction  that  the  plate 
is  drawn  with  the  arrow,  and  transfer  the  index  to  the  next 
hole  of  the  circle,  rotating  this  time  opposite  to  the  arrow  ; 
the  second  space  can  now  be  cut,  and  so  on. 

With  a  view  to  diminish  errors  arising  from  the  omission 
of  fractions,  since  31  does  not  divide  evenly  into  360,  a 
number  of  multiples  of  the  number  34*83  should  be 
determined.  Thus  4  times  34*83  is  139*32,  so  that,  when 
the  fourth  space  is  cut,  the  pointer  i  must  be  at  this  number 
of  divisions  from  its  initial  position. 

The  index  i^ould  be  so  situated  that,  when  half  the  arc 
I  k  has  been  traversed,  as  explained  above,  «  a  is  at  right 
angles  to  the  radios  p  r  of  the  division-plate.  If  it  is 
desired  to  move  diask  reverse  direction,  it  must  be  moved 


i 
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backwards  to  a  considerable  distance  and  then  forwards  np 
to  the  required  point  so  as  to  avoid  error  due  to  backlash. 
The  screw  of  the  index  should  fit  the  support  8  firmly  and 
without  any  shake. 

457-  To  cut  a  wheel  with  any  given  number  of 

teeth, — ^When  the  given  number  does  not  occur  on  the 
division-plate,  proceed  as  follows  : — 

Take  a  strip  of  metal,  for  example  a  pliant  piece  of  soft 
steel,  and  cut  in  it  a  series  of  equal  and  equidistant  notches 
as  shown  at  b,  fig.  2,  plate  VIII.  Cut  the  band  to  such  a 
length  that  it  has  the  same  number  of  pairs  of  teeth  and 
spaces  as  the  wheel  is  required  to  have  teeth.  Now  turn  a 
lead  disc  of  a  diameter  that  the  strip  of  metal  wiU  exactly 
enclose ;  fix  this  strip  round  the  circumfisrence  with  pins, 
screws,  or  in  any  convenient  manner,  as  is  shown  at  c. 
We  thus  obtain  a  temporary  division-plate  which  can 
replace  the  permanent  one  or  be  attached  to  its  upper  or 
under  surface,  and,  when  an  index  has  been  adapted  to  it, 
the  wheel  can  be  divided  into  the  requisite  number  of 
parts. 

When  employing  an  engine  the  division-plate  of  which  is 
worked  by  a  tangent-screw,  the  above  affords  an  easy  means 
of  making  the  divided  head  for  the  screw  with  any  desired 
number  of  divisions. 

458.  With  a  view  to  ensure  accuracy,  it  is  advisable  to 
employ  a  disc  of  large  diameter  as  the  errors  of  division 
are  thereby  rendered  less  important  and  the  metallic  blade 
can  be  made  to  he  closer  to  the  rim. 

The  blade  is  subdivided  by  a  saw  to  which  a  guide  is 
attached,  as  indicated  at  h,  fig.  2,plat«  YIII.;  or  the  saw  can 
with  advantage  be  replaced  by  a  file  that  only  cuts  on  its 
edge  and  not  on  either  face,  or  by  a  pair  of  mills  or  revolving 
cutters  united  together  as  shown  at  s.  The  following  plan 
however  appears  to  be  more  expeditious  and  to  involve  less 
trouble  to  ensure  accuracy. 

A  hole  a,  fig.  8,  plate  YIIL,  is  drilled  in  a  metallic  band 
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by  means  of  a  semi-cjlindrical  drill  fixed  in  the  chnck  of  a 
mandril  or  in  a  wheel-cutting  engine,  &e.  •  It  will  be  con- 
venient if  the  drill  can  be  set  vertical.  Beneath  it  is  a  brass 
bed-plate  in  which  are  fixed  two  pins  equal  in  diameter  to  the 
hole  a  ;  this  hole  having  been  placed  over  one  pin  J,  the 
band  is  held  firmly  against  the  other,  while  the  second  hole 
is  drilled.    This  is  then  transferred  to  the  pin,  and  so  on. 

In  the  absence  of  a  suitable  tool,  a  well-made  measure 
can  be  employed  for  marking  a  series  of  points  with  the  aid 
of  an  eyeglass  ;  the  holes  are  then  drilled  with  the  bow  or  in 
any  other  manner. 

459.  To  cut  a  wheel,  ratchet  or  pinion  on  ordinary 

turns, — ^When  only  a  moderate  degree  of  accuracy  is  re- 
quired, the  ordinary  turns  can  be  adapted  for  cutting  the 
teeth  of  minute- wheels,  ratchets,  pinions,  &c.,  by  making  the 
following  appliance. 

The  piece  b,  fig.  6,  plate  VIII.,  provided  with  a  stud 
at  py  slides  on  two  horizontal  and  parallel  cylindrical 
rods  fixed  to  the  slide  c,  or  it  may  move  in  a  dovetail.  The 
cannon  d  carrying  a  ferrule  k  and  a  file-cutter  /  rotates  on 
the  foot  at  p  without  shake  ;  and  the  cord  of  a  wheel  or  bow 
passes  round  Jc. 

R,  the  wheel  to  be  cut,  is  supported  between  the  runners, 
the  divided  plate  v,  which  may  even  be  an  old  wheel  with 
the  required  number  of  teeth,  being  fixed  to  the  axis  of  R. 
V  is  held  stationary  during  the  operation  of  cutting,  by  the 
index  /.  The  mode  of  action  hardly  requires  explanation : 
while /is  rotating,  advance  b  until  it  is  arrested  by  the  stop 
t ;  then  draw  b  back,  advance  I  to  the  next  division  on  the 
plate,  and  so  on. 

460.  We  have  said  enough  on  this  subject  to  enable  any 
watchmaker  to  make  such  a  tool,  modifying  it  or  completing 
it  according  to  his  requirements.  We  would  only  remark 
that  :  (1)  if  a  cannon  of  the  form  d  is  used,  the  stud 
should  be  diminished  in  diameter  as  its  middle  part  for  about 
three-quarters  of  its  length,  so  that  friction  occurs  only  at 
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extremities  ;  and  (2)  if  a  wheel  is  used  to  rotate  ky  there 
should  be  an  idle  pulley  at  m  supported  on  a  fixed  arm 
independent  of  b,  either  attached  to  the  lathe-bed  or  bench, 
or  fixed  in  the  vice,  so  that  the  ferrule  k  can  move  backwards 
or  forwards  without  altering  the  tension  of  the  cord,  in  the 
manner  indicated  at  y. 

461.  Wheel-cutting  arbor-chucks.— These  appliances 
are  specially  useful  in  making  wheels  that  are  required  to  be 
rigorously  true,  such,  for  example,  as  escape-wheels.  The 
form  is  represented  in  fig.  4,  plate  VIII. 

It  is  simply  the  arbor  of  an  ordinary  lathe  formed  in  two 
pieces,  ha  and  h  c,  the  body  d  h  being  very  accurately  fitted 
into  the  conical  hole  in  the  plate  of  the  wheel-cutting  engine. 
If  now  a  wheel  is  fixed  with  wax  on  the  extremity  z  and 
turned  in  the  lathe  to  the  required  form,  it  is  only  necessary 
to  unscrew  h  c  and  introduce  h  d  into  the  socket  of  the 
wheel-cutting  engine  ;  then,  having  cut  the  teeth,  the  piece 
h  ci&  replaced,  and  the  whole  is  set  in  the  lathe,  if  required 
to  test  its  truth,  without  the  wheel  having  been  displaced 
from  the  chuck. 

It  will  of  course  be  evident  that  the  two  parts  must  be 
accurately  fitted  together ;  the  tapped  hole  and  the  screw 
must  be  true  with  the  axis.  M.  Millot,  with  whom  we  have 
seen  this  form  of  arbor  in  use,  has  not  beea  able  to  detect 
any  excentricity,  although  he  often  employs  them. 

462.  They  might  be  formed  in  one  piece  Bsadb  with  a 
point  at  p.  A  boxwood  ferrule  is  then  fitted  on  to  the 
portion  b  d,  where  it  is  clamped  by  two  screws,  and  these 
can  be  released  when  it  is  desired  to  insert  the  chuck  into 
the  wheel-cutting  engine.  The  points  of  these  screws  should 
be  received  in  recesses  in  order  to  avoid  the  production  of 
any  roughness  on  the  surface  of  h  d. 

Wheel-cutting  engines  have  been  made  to  receive  these 
arbor-chucks  without  removing  the  pulley.  The  point  c  is 
placed  in  a  hole  and  the  upper  end  is  enclosed  in  a  collar 
which  is  tightened  by  means  of  a  screw. 
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The  arbor  used  by  M.  Millot  had  a  lantern  chnck,  and 
this  is  very  convenient  in  making  objects  that  require  to  be 
measured  during  the  progress  of  the  work. 

See  also  the  remarks  in  paragraph  270. 

463.  Modification  of  the  ordinary  arrangement  for 
holding  the  wheel  while  cutting.— In  the  wheel-cutting 

engine  as  usually  met  with,  the  wheel  (when  not  mounted 
on  an  axis)  is  held  against  the  chuck  by  hollow  steel  cone 
on  which  presses  an  arm  that  slides  on  a  vertical  pillar  and 
can  be  clamped  in  any  position.  The  hole  at  the  end  of  this 
arm  does  not  always,  therefore,  correspond  with  the  point  of 
the  cone,  and,  as  a  consequence,  the  wheel  often  gets 
displaced  during  cutting.  This  inconvenience  can  be 
avoided  by  adopting  the  following  device  which  we  have 
een  in  use  with  several  watchmakers  : — 

The  pillar  with  its  sliding  arm  is  replaced  by  an  iron  or 
steel  piece  of  the  form  G,  fig.  9,  plate  XI.  The  point  a  is 
received  by  the  central  hole  at  the  lower  end  of  the  division- 
plate  axis,  while  the  screw  l  presses  on  the  point  of  the  cone, 
clamping  it  firm.  Further  explanation  seems  unnecessary ; 
we  would  only  add  that  the  piece  G  must  be  made  strong 
and  perfectly  rigid. 

CUTTERS    FOR    FORMING  THE   TEETH  OF  BRASS 

WHEELS. 

464.  For  making  the  teeth  of  the  wheels  of  a  train,  a 
special  form  of  cutter,  set  to  revolve  on  an  axis,  is  employed, 
and  it  may  be  constructed  on  three  distinct  systems. 

(1.)  A  single  cutter  mounted  on  an  arbor  as  at  A,  b,  fig. 
7  and  8,  plate  VIII. ;  this  may  be  termed  a  migle  cutter. 

(2.)  A  circular  cutter  formed  of  a  series  of  such  single 
cutters,  which  will  be  termed  a  multiple  blade  or  composite 
cutter.    Two  specimens  are  shown  at  p,  J,  fig.  11. 

(3.)  The  pinion  or  steel-wheel  cutter  or  mill  formed  of  a 
single  piece  of  metal,  as  seen  in  figs.  20,  21,  and  22.  These 
may  be  described  as  mill  or  file  cutters. 
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465.  To  make  a  single  cutter.— The  form  shown  at  a, 

fig.  7,  Ib  roughed  oafc  to  as  nearly  as  possible  the  rcqnked 
form  in  good  steel.  Some  makers  possessed  of  exceptional 
skill  make  them  entirely  by  hand,  and  they  make  very 
beautifdl  teeth  by  their  means ;  but  as  a  rule  watchmakers 
cannot  look  for  such  success,  so  that  it  is  better  to  complete 
the  formation  of  the  cutter  in  a  specially  arranged  tool. 

The  two  sides  may  be  made  in  the  wheel-cutting  engine, 
with  the  same  mill  cutter,  which  is  inclined  when  used  to 
undercut  the  acting  edge  ;  but  this  operation  is  not  a^i  easy 
as  it  appears  at  first  sight,  and  the  watchmaker  will  find  it 
to  his  advantage  to  make  the  following  device  : — 

A  spindle  h  d,  fig.  19,  plate  VIII.,  supported  between  the 
runners,  t,  v,  serves  as  an  axis  for  the  arm  f  g  h,  which  is 
bent  at  ^  so  as  to  afford  a  support  to  a  conical  cutter  a, 
driven  by  a  bow  on  the  ferrule  c.  The  descent  of  this  arm 
is  limited  by  an  adjustable  stop,  fixed  to  the  bed  of  the  turns. 

Having  removed  the  X-^est,  replace  it  by  a  rod  n,  to  which 
the  cutter  is  clamped  by  a  screw  k,  after  being  roughed  out 
so  as  to  reduce  the  work  required  of  the  cutter. 

Place  K  so  that  the  conical  cutter  occupies  the  position 
indicated  at  z,  and,  if  a  slight  pressure  be  applied  at  h  while  a 
is  caused  to  revolve  by  the  bow  (although  a  wheel  is  better  for 
such  work),  both  the  straight  and  curved  portion  of  the  side  will 
be  formed,  and  the  side  will,  at  the  same  time,  be  bevelled  to 
an  angle  corresponding  with  that  of  the  cone.  The  curved 
portion  of  the  side  will  be  more  or  less  under-cut  according 
as  the  arm  h  is  depressed  below  the  horizontal  plane  passing 
through  the  axis  of  the  turns.  The  opposite  side  is  formed 
by  inverting  the  piece/^  h. 

The  conical  cutter  diould  be  so  formed  that  it  acts  during 
the  downward  stroke  of  the  bow,  because,  when  a  bow  is 
employed,  it  is  essential  that  the  arm  h  be  raised  so  cus  to 
bring  the  cutter  out  of  action  before  raismg  the  bow ;  the 
back  faces  of  the  teeth  should  never  be  allowed  to  cut. 

In  smoothing  or  polishing  it  is  only  requisite  to  replace 
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the  cutter  by  a  smooth  conical  roller^  and  to  work  the  bow 
and  the  arm  h  as  before. 

466.  The  cntter  is  sometimes  fixed  in  the  arbor  as  shown 
in  fig.  7.  The  arbor  itself  is  thick  and  perforated  with  a 
round  hole  in  which  the  tail  of  the  cntter  accnrately  fits,  a 
slight  pressore  applied  by  the  screw  m  being  sufficient  to 
make  it  steady. 

For  cutting  the  esciq)e-wheels  of  docks  the  arbor  should 
have  a  velocity  of  about  200  turns  a  second. 

M.  Peupin,  a  skilful  watchmaker  who  adopts  the  practice 
here  given,  having  observed  that  with  a  sharp  cutting  edge 
he  did  not  obtain  a  sufficiently  smooth  sur&ce^  succeeded  in 
obviating  the  difficulty  by  drawing  a  polisher  with  rouge 
along  the  cutting  edge^  maintaining  it  at  right  angles  to 
the  plane  of  the  cutter.  This  operation,  if  carefully  executed, 
will  serve  to  remove  the  feather-edge,  to  make  the  edge  even 
and  yet  not  dull,  and  to  secure  a  highly  polished  cut 
surface.  The  sides  of  the  teeth  will  present  a  proportionately 
better  surface,  according  as  the  portion  c  a  (m,  fig.  7,  plate 
YIII.)  approximates  towards  the  dotted  line  c  d. 

His  escape-wheel  teeth  are  cut  in  successive  stages.  The 
last  stroke  of  the  cutter  is  given  by  advancing  it  against  the 
side  of  the  wheel,  so  that  the  cutter  axis  remains  in  the 
plane  of  the  wheel  (472). 

467.  Triangular   cutters. — ^When  a  cylindrical  or 

conical  mill  is  not  available  for  finishing  and  sloping  the  sides 
of  a  cutter,  it  may  be  replaced  by  a  triangular  cutter  (t  or  c, 
fig.  28,  plate  YIII.),  and  when  the  application  of  much 
force  is  required  there  may  be  a  pointed  bearing;  but  this  is 
seldom  necessary. 

If  carefully  hardened  and  set,  such  a  cutter  gives  a  clean 
cut ;  of  course  it  will  not  act  for  as  long  a  period  as  the 
conical  form  above  described,  but  this  is  of  comparatively 
little  importance,  since  the  blank  cutters  are  always  roughed 
out  previously  to  nearly  the  requisite  shape. 

468.  To  make  several  cutters  at  once.— By  adopting 
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the  following  method^  it  is  possible  to  make  several  such 
cntters  in  one  operation. 

Tom  a  steel  disc  of  the  form  of  an  ordinarj  mill  cutter, 
as  shown  at  I  p,  fig.  11^  plate  YIIL  To  finish  it,  giving 
the  same  cnnratnre  to  the  two  sides,  take  a  piece  of  steely  c, 
and  shape  the  comer  r  to  exactly  correspond  with  the  side 
of  the  point  or  ogive  of  a  tooth,  bevelling  it  so  as  to  give 
a  catting  edge  at  the  upper  surface ;  then  harden  and 
smooth  it  with  care.  Having  fixed  it  in  position  in  the 
tool  that  carries  the  arbor  a  and  the  roughed-out  disc 
(whether  this  be  the  turns,  wheel  or  pinion-cutting  engine, 
or  a  special  device)  in  the  required  position,  one  side  of  the 
disc  may  be  finished.  The  arbor  a  is  then  reversed  and  the 
other  side  finished  in  the  same  manner,  so  that  both  sides 
have  the  same  curvature  in  opposite  directions. 

Of  course  the  tool  o  maj  be  advanced  against  Ip^  either 
aidewajs  from  r  towards  /,  or  radially  in  the  direction  /^,  as 
is  most  convenient.  Or  the  tool  might  remain  fixed  and 
the  disc  advance  against  it  radially  or  laterally. 

The  transverse  slide  in  a  mandril  is  usually  provided  with 
a  stop ;  it  would  then  be  very  easy  to  form  one  side  of  the 
disc  in  such  a  tool,  afterwards  reversing  the  arbor  and 
forming  the  other  side  (477)* 

If  a  very  good  cutting  edge  is  desired,  the  sides  should  be 
smoothed  (472)  and,  when  the  disc  is  completed,  it  may  l>e 
divided  into  pieces  similar  to  b,  fig.  8,  each  of  which  will 
serve  as  a  cutter.  It  will  be  noticed  that  the  acting  edge 
is  not  undercut  behind ;  it  is  thus  necessary  to  slope  the 
cutter  a  littte  as  shown  at  b,  as  otherwise  the  rim  will 
choke  in  the  spaces  of  the  wheel,  straining  it  without 
cutting. 

469.  Composite  cutter  formed  of  a  succession  of 

single  cntters.-'By  mounting  a  series  of  identical  single 
cutters  round  the  circumference  of  a  disc,  a  circular  cutter  can 
be  formed  in  the  manner  indicated  in  fig.  18,  plate  YIII. 
The  upper  portion  represents  the  arrangement  of  the  pieces 
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while  they  are  being  tumedy  and  the  lower  portion  shows 
their  positions  when  the  cutter  is  ready  to  be  used. 

M.  A.  Crontte,  to  whom  we  are  indebted  for  several  of 
the  details  here  given,  was  much  surprised  that  this  fonn  of 
cutter  is  not  better  known,  since  it  possesses  certain  special 
advantages  :  we  will  summarize  his  remarks  on  the  subject. 

The  separate  cutters  b,  g,  &o.,  fig.  18,  are  not  undercut 
from  the  acting  edge  backward  ;  they  are  merely  reversed, 
so  that  this  acting  edge  is  towards  the  front — in  other 
words,  it  lies  along  the  radius.  These  separate  pieces  possess 
a  special  advantage  in  that  they  can  be  used  until  the  steel 
is  quite  worn  out  by  the  setting  :  in  this  respect  differing 
from  the  undercut  cutters,  for  they  are  not  altered  either  in 
form  or  thickness  by  setting. 

As  a  set-off  against  this  important  advantage,  they  are 
characterized  by  the  inconvenience  of  requiring  that  the  two 
sides  of  the  blade  be  exactly  in  a  plane  at  right  angles  to  the 
axis,  and  that  the  slide  carrying  the  cutter-arbor  shall  move 
in  a  direction  parallel  to  this  plane.  And  even  when  this 
double  condition  is  satisfied,  there  will  be  friction  of  the  two 
sides  above  the  dotted  line  i  j,  fig.  8,  plate  YIII.,  against 
the  sides  of  the  teeth  ;  and  if  the  above-named  conditions 
are  not  satisfied,  the  cutter,  being  presented  edgeways,  will 
be  choked  with  brass,  and  the  results  will  be  unsatisfactory. 

470.  In  order  to  ascertain  whether  such  a  fiftult  exists,  it 
is  only  necessary  to  notice  whether  the  cutter  becomes 
brass-coloured  on  one  side  towards  the  point,  and  on  the 
other  more  inwards,  and  the  sides  of  the  teeth  exhibit  striae 
or  scores  in  opposite  directions,  as  indicated  at  £,  between 
the  figures  5  and  6,  plate  YII.  The  white  strip,  1, 1,  corre- 
sponds to  the  bottom  of  a  space  between  two  teeth ;  2,  2 
and  8,  8,  the  two  sides  of  this  space  spread  out  like  an 
open  book. 

By  examining  the  marks  with  care,  and  noting  the  direc- 
tion in  which  they  are  inclined,  it  will  be  possible  to 
ascertain  both  whether  the  separate  cutters  are  out  of  place;, 
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and  in  which  direction  the  arbor  should  be  moved  in  order 
to  correct  any  error. 

We  most^  then^  repeat  that  all  the  cntters  most  satisfy 
this  condition^  because  if  only  one  is  wrong  it  will  produce 
the  scores  here  referred  to. 

The  necessity  of  these  precautions  in  the  use  of  such  a 
composite  cutter^  and  the  fact  that  the  friction  of  the  portion 
above^the  line  ij,  fig.  8,  plate  Till.,  renders  it  diflScult  to 
obtain  a  polished  cut  (which  is  essential  for  such  delicate 
depths  88  those  of  watches),  have  doubtless  prevented  its  use 
becoming  general.  For  work  that  is  somewhat  larger  or 
rough,  it  will  be  found  to  give  satisfactory  results  and  will 
last  longer  than  a  single  cutter.  A  lubricant,  such  as  lard 
0   oil,  diould  be  applied  to  it. 

471,  Composite  cutters  with  the  cutting  edges 

undercut. — An  old  Paris  clockmaker,  Brisson,  used  a  cutter 
of  the;.form  f,  fig.  11,  plate  Till.,  for  the  teeth  of  his  wheels. 
He  undercut  the  two  sides  of  the  blades  by  means  of  a  small 
special  tool.  Strictly  speaking,  the  operation  can  be  per- 
formed by  hand. 

In  order  to  ensure  that  the  curves  that  form  the  ogives 
of  teeth  are  alike  on  the  two  sides  of  a  cutter,  he  made  a 
series  of  templates  or  standards  of  the  form  c,  fig.  18,  plate 
Till.,  in  which  were  two  holes  c  and  c  of  equal  diameter. 
The  upper  one,  which  might  be  funnel-shaped  so  as  to  give 
a  cutting  edge,  was  half  cut  away,  and,  after  being  hardened 
and  set,  could  be  used  to  give  a  final  stroke  to  the  circum- 
ference of  two  discs  of  equal  diameter.  These  two  discs  (or 
one  cut  through  a  diameter  would  suffice)  having  been 
brought  by  a  file  to  the  form  H,  and  joined  as  shown  at  r  s, 
can  be  mounted  excentrically  so  as  to  present  a  cutting 
edge  to  the  roughed-out  cutter  A ;  the  two  sides  can  thus  be 
made  even.  The  disc  may  then  be  finished  by  cutting  away  the 
metal  so  as  to  give  the  form  shown  at  p,  fig.  11,  plate  Till. 

By  the  aid  of  the  standards  he  could  easily  reproduce  the 
same  forms  of  teeth  when  required. 
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Fig.  11,  plate  VIII.,  comprises,  at  j,  a  cutter  for  the  teeth 
of  watch-wheels  of  the  form  employed  successftilly  by  M.  A. 
Philippe.    The  figure  will  explain  itself. 

We  have  known  a  Geneva  wheel-cutter  who  employed 
these  composite  cutters  with  advantage  in  making  duplex 
wheels.  The  principal  difficulty  he  experienced  arose  from 
the  distortion  of  the  metal  in  hardening,  because  the  acting 
portion  naturally  lengthened  a  little.  This  form  of  composite 
cutter  certainly  demands  careful  workmanship,  but,  if  the 
construction,  hardening  and  polishing,  are  good,  it  will 
produce  fine  work  and  will  last  a  long  time. 

472.  (reneral  observations  on  cutting  the  teeth  of 
brass  wheels  with  a  single  or  compound  cutter.— 

High-class  English  watches,  the  movements  for  which  are 
made  at  Prescot,  in  Lancashire,  have  the  wheel  teeth  made  by 
a  composite  cutter  after  the  wheels  are  riveted  to  their  pinions. 
We  have  remarked  that  these  watches  make  less  noise  when 
running  down  than  those  in  which  the  teeth  have  been 
formed  with  a  mill  or  continuous-action  cutter. 

Success  in  forming  teeth  with  cutters  depends  mainly 
on  the  securing  of  a  good  form  as  regards  the  cutting 
edge  and  on  its  being  maintained  in  good  condition  (296)  ; 
on  the  steadiness  of  the  entire  machine,  so  as  to  avoid 
vibration  ;  on  the  weight  of  the  wheel,  and  on  the  velocity 
of  the  cutter  being  sufficient.  A  cutter  ought  never  to  assume 
a  brassy  colour  except  when  it  requires  setting  ;  if  it  does 
so,  and  this  is  not  the  case,  it  proves  that  the  metal  is  being 
strained  or  scraped  with  friction.  The  velocity  must  be  very 
considerable ;  greater  with  a  single  cutter  than  with  one 
that  is  composite.  The  velocity  is  limited  by  that  at  which 
the  heat  generated  would  cause  the  oil  to  evaporate,  soften 
the  cutter,  distort,  and  sometimes  even  displace,  the  wheel 
operated  on.  The  engagement  of  the  cutter  with  the  metal 
must  be  very  slight,  and  should  never  be  increased  suddenly. 

Attempts  have  been  made  to  enclose  the  arbor  bearings 
in  horn,  but  it  is  liable  to  be  distorted  by  the  heat.  i 
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Before  dividing  the  disc  into  cutters  it  is  essential  that 
the  two  edges  be  carefiilly  smoothed,  and  this  without  their 
being  distorted.  This  can  easily  be  done  in  an  old  depthing 
tool,  using  an  arrangement  like  that  shown  in  fig.  18,  plate 
VI.  (377).  The  lap  must  be  of  hard  wood,  and  its  right- 
hand  corner  rounded  off  so  as  to  resemble  the  side  of  a  tooth ; 
it  is  set  to  engage  with  one  side  of  the  cutter.  We  say  the 
right-hand  comer,  because  a  lateral  pressure  can  then  be 
applied.  It  is  important  that  the  sur^tce  as  left  by  the 
graver  be  clean  cut,  because,  if  the  smoothing  is  too  much 
prolonged,  it  will  deform  the  cutter.  Some  of  the  remarks 
in  paragraph  482,  are  applicable  here.  (See  also  the  Treatise 
on  Modem  Horology,  pp.  826,  440.) 

473.  In  some  factories  it  is  usual  to  use  discs  about  2^ 
inches  in  diameter,  for  cutting  the  teeth  of  brass  wheels  in 
timepieces.  The  single  cutters  are  arranged  round  the  cir- 
cumference as  follows: — One  forms  a  space  between  two 
teeth ;  the  one  immediately  preceding  forms  the  right-hand 
side  of  the  ogive,  and  that  which  follows  forms  the  left-hand 
side.  By  adopting  such  an  arrangement  of  separate  cutters, 
if  their  side  that  lies  against  the  disc  is  slightly  inclined 
backwards  it  is  no  longer  necessary  to  bevel  off  the][|cutting 
edge. 

MILL-CUTTERS     FOR     STEEL. 

Pinions,  keyless  wheels,  &c. 

474.  The  cutters  that  last  for  the  longest  period  when 
used  for  cutting  steel  are  those  formed  like  a  file ;  but  a 
watchmaker  is  not  always  in  a  position  to  make  them 
himself ;  we  will  therefore  here  only  speak  of  those  he  can 
make,  the  description  of  the  first  few  being  taken  from  a 
work  by  M.  A.  Philippe,  of  Geneva,  Lea  montres  sans  clefs 
(keyless  watches). 

475,  Cutter  for  forming  the  inclined  teeth  of  wind- 
ing pmions,  &C. — Fig.  20,  plate  VIII.,  shows  at  s  a  section 
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along  the  axis  of  such  a  cntter^  and  at  p  a  side  view.  When 
it  is  believed  to  be  of  the  required  form^  rest  a  piece  of  lead 
on  the  "Y'Test  of  the  lathe  and  press  it  against  the  rotating 
disc.  The  impression  made  in  the  lead  will  afford  a  means 
of  ascertaining  both  whether  the  form  is  correct,  and 
whether  the  surfisu^es  are  smooth  enough.  This  last  point  is 
important. 

The  cutting  edges  are  formed  hy  merely  making  a  number 
of  notches  round  the  circumference  with  a  tool  for  cutting 
ratchet  teeth.  Then  advance  this  ratchet  cutter  so  that  it 
may  engage  with  the  convex  edge  of  the  cutter  operated 
upon,  and  against  the  back  of  the  teeth  of  this  cutter ; 
the  ratchet  cutter  is  then  in  a  position  to  form  a  second  face 
§  i,  by  which  the  teeth  of  the  cutter  are  undercut  at  the 
back,  but  in  such  a  manner  that  a  small  flat  surface  o  a  is 
left  in  order  to  retain  the  form.  When  a  cutter  made  in 
this  way  will  no  longer  bite,  it  may  be  set  by  passing  a  hard 
slip  of  whetstone  over  the  £eux^  of  the  teeth. 

The  ratchet  cutter  employed  for  making  this  cutter  should 
never  be  pressed  against  it  heavily,  and  should  be  withdrawn 
during  the  upward  motion  of  the  bow. 

476.  Cutter  for  ordnary  wheel-teeth.— We  will  now 

pass  to  the  consideration  of  the  cutters  for  forming  teeth 
of  the  usual  shape,  of  intermediate  steel  wheels,  set-hands 
wheels,  pinions,  &c.    They  may  be  made  as  follows : — 

The  rim  is  indented  with  small  fine  ratchet  teeth,  b  d,  fig. 
21,  plate  YIII.  Any  burr  produced  on  the  sides  is  then 
carefully  removed,  and  the  cutter  is  placed  in  the  wheel- 
cutting  engine,  and  notches  c,  c^,  c^,  c"*,  Ac.,  are  formed 
on  either  side  with  a  flat  square-^ged  cutter  of  such  a 
thickness  that  the  circumference  is  about  equally  divided 
into  hollows  and  prominences.  It  is  important  to  note  that 
the  right  side  of  the  teeth  must  be  but  slightly  roughed,  not 
more  than  is  required  in  order  to  raise  a  slight  burr,  all  that 
is  necessary  to  form  the  cutting  edge  of  this  portion  of  the 
isc.    In  roughing  these  sides,  at  least  one  out  of  every  two 
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of  the  small  ratchet  teeth  on  the  circumference  should  be 
left  untouched,  so  as  to  ensure  the  required  thickness  being 
maintained. 

The  cutter  shown  in  section  and  elevation  at  s  and  p,  fig. 
20,  plate  VIII.,  might  be  cut  on  the  side  n  in  the  manner 
here  explained,  and  the  convex  portion  Tc  might  be  indented 
with  a  fine  ratchet-toothed  cutter  carried  in  the  hinged 
cutter-frame  of  the  wheel-cutting  engine.  The  degree  of 
penetration  may  be  determined  by  fixing  an  ivory  disc 
against  the  cutter  and  concentric  with  it,  the  two  differing 
in  diameter  by  the  depth  the  cuts  are  to  be  made.  The 
teeth  will  be  rather  too  square  towards  the  circumference, 
but  their  form  can  be  carefully  corrected  by  hand. 

It  is  obvious  that  the  very  greatest  caution  is  necessary 
in  hardening  cutters. 

477.  Eose-cutters   or  formiDg  pinion  cutters.— As 

the  edges  of  pinion  cutters  are  rounded,  they  can  be  made 
in  the  manner  suggested  by  Thevenin.  Supporting  the 
roughed-out  cutter  in  the  cutter  frame  of  a  wheel-cutting 
engine,  he  fitted  in  the  axis  of  the  division-plate  a  kind  of 
rose-cutter,  n,  ^g,  23,  plate  VIII.  Its  extremity  n,  instead 
of  being  flat,  is  hoUowed  out  as  indicated  by  the  dotted  line, 
and,  by  presenting  the  cutting  edge  thus  obtained  endwise 
to  the  grooved  edge  of  the  cutter,  the  correct  form  can  be 
given  to  it.  With  a  mushroom-headed  piece  of  steel  and 
oilstone  dust,  the  cutting  edge  of  the  rose-cutter  can  be 
made  more  or  less  acute  by  modifying  the  angle  of  this 
steel  lap. 

478.  Other  forms  of  pinion  cutter.— When  a  cutter  is 

merely  required  for  a  special  piece  of  work  and  not  for  con- 
tinuous use,  it  will  often  be  sufficient  to  make  it  as  shown  at  a, 
fig.  22,  plate  VIII.;  this  is  made  by  grooving  the  disc  (c),  or 
by  forming  its  edges  as  at  d,  after  which  a  series  of  teeth  are 
cut  on  the  periphery  with  a  revolving  cutter,  taking  care  to 
leave  no  more  burr  on  one  side  than  on  the  other.  Then 
pass  a  smooth  worn  file  (or  a  worn  flat  cutter  driven  by  a 
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bow)  oyer  the  faces  of  the  teeth^  applying  oil  at  the  same 
time^  so  as  to  produce  a  slight  bmr  on  the  edges  ;  if  the  file 
is  not  allowed  to  bite  too  much  and  is  well  managed,  these 
minute  ridges  will  be  uniform.  After  hardening,  the  cutter 
is  ready  for  use. 

If  the  faces  were  smoothed  without  subsequently  applying 
the  file,  the  cutter  would  not  bite;  for  its  action  depends 
on  the  slight  projection  of  metal  that  corresponds  to  the  file- 
cuts.  The  cutter  is  nothing  more  than  a  circular  file  with 
two  cuts  per  tooth.  If  the  comers  are  turned  over  evenly 
by  means  of  a  very  hard  burnisher  the  same  effect  will  be 
produced  ;  but  this  operation  is  delicate  as  the  amount  of 
metal  turned  over  must  be  the  same  in  every  case. 

When  a  cutter  does  not  bite,  it  must  be  softened  and  re- 
stored to  its  initial  condition. 

479.  Or  the  following  method  may  be  adopted  when  it  is 
required  to  make  a  cutter  for  a  special  purpose. 

Proceed  at  first  in  the  manner  just  described,  but  the 
periphery  is  divided  into  a  greater  number  of  teeth  with  a 
fiat  cutter,  and  to  a  rather  greater  depth,  as  at  e,  fig.  22, 
plate  VIII.  Bend  backward  each  4jooth  to  a  distance  equal 
to  about  half  a  space  by  any  convenient  method ;  for 
example,  by  a  lever  resting  at  the  bottom  of  each  space  and 
pressing  against  the  comer  of  the  tooth,  &c.  Before 
bending  the  first  tooth  introduce  a  piece  of  brass  into' the 
space  behind  it,  of  a  thickness  equal  to  about  half  this  space 
so  as  to  avoid  bending  too  far ;  for  succeeding  teeth  the 
thickness  must  be  about  equal  to  a  space  ;  thus  E  will 
become  e\  An  inspection  of  fig.  22,  plate  VIII.,  will 
suffice  to  make  the  operation  evident ;  it  amounts  to  bending 
back  a  series  of  separate  cutters.  The  disc  is  then  hardened, 
and  the  faces  of  the  teeth  are  smoothed  when  they  do  not 
cut  well ;  or  merely  smooth  those  that  are  the  first  to  become 
dull. 

It  is  important  to  employ  soft  steel  that  has  previously 
been  well  annealed. 
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480.  Cutter  for  making  square  spaces.— The  teeth  of 

such  a  cutter  can  be  easily  formed  with  a  file  as  shown  at  h, 
fig.  4,  plate  XII.,  the  edge  of  the  cutter,  /,  being  passed  back- 
wards and  forwards  in  the  direction  of  the  arrows,  applying 
considerable  pressure  and  at  the  same  time  slowly  rolling 
/  round.  Or  the  cutter  may  be  set  up  on  a  short  arbor 
between  the  centres  of  the  turns  ;  then  pass  the  file  back- 
wards and  forwards  across  the  edge  until  the  cuts  are  formed, 
slowly  advancing  the  file  in  the  meanwhile,  so  as  to  form  the 
cuts  round  the  circumference  without  once  raising  the  file. 
The  cutter  must  then  of  course  be  hardened. 

481.  Forming  cutters  with  a  milling  tool.— The 

roughing  of  a  round-edged,  or  even  of  a  square  cutter,  can 
also  be  effected  with  the  aid  of  a  milling  or  "nurling"  tool, 
proceeding  in  the  same  manner  as  when  milling  the  heads 
of  screws,  &c.  The  tool  must  be  in  ^ood  condition,  well 
provided  with  oil,  and  applied  with  considerable  pressure 
against  very  soft  steel. 

If  necessary  the  workman  can  make  the  mill  for  himself; 
it  is  shown  at  m,  fig.  4,  plate  XII.  f  shows  the  method  of 
applying  it  to  the  cutter,  and  by  partly  turning  the  mill  (of 
course  carried  in  a  strong  holder)  round  its  point  of  contact 
with  the  cutter,  as  indicated  by  the  dotted  lines,  the  rim  of  p 
will  be  evenly  roughed  all  round. 

With  good  steel  fairly  satisfactory  results  are  obtained  in 
this  manner,  but  it  is  needless  to  observe  that  such  cutters 
never  bite  as  well  as  those  made  in  the  usual  manner. 

482.  General  observations.— When  cutters  are  used 

with  steel  they  must  be  driven  at  a  less  velocity  than  when 
cutting  brass,  and,  as  M.  A.  Philippe  has  observed,  it  is  best 
to  make  the  cutters  for  steel  of  small  diameter  (about  half  an 
inch).  They  are  more  easily  made  and  are  less  distorted  in 
the  hardening.  The  velocity  should  diminish  as  the 
diameter  increases ;  for  too  great  a  velocity,  especially 
when  the  diameter  is  great,  will  dull  the  cutter  and  soften 
it  owing  to  the  heat  produced. 
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Cutters  mu  t  be  turned  very  true  :  it  is  advisable  to  give 
them  a  last  stroke  with  the  graver  after  thej  are  fitted  to 
the  cutter-arbor  that  will  subsequently  carry  them. 

When  operating  on  steel  it  is  best  that  the  cutter  frame 
of  the  wheel-cutting  engine  be  advanced  by  a  screw  so  as  to 
give  it  a  slow  and  easy  motion ;  the  results  obtained  are 
more  satisfactory  than  when  it  is  advanced  by  hand  or  with 
a  lever. 

The  following  practice  is  not  uncommon  in  factories 
when  it  is  desired  to  reproduce  the  exact  form  of  a  cutter. 
A  notch  is  made  with  the  cutter  in  the  edge  of  a  piece  of 
steel,  X,  fig.  2,  plate  VII.,  or  a  series  of  notches  o,  6^,  &c., 
can  be  made  by  several  cutters  in  the  circumference  of  a 
disc  z  (same  figure).  After  being  hardened  and  sharpened  at 
the  cutting  edge,  this  disc  is  fixed  at  the  centre  of  the 
division-plate  of  a  wheel-cutting  engine,  and  can  then  be 
used  to  complete  the  grooving  of  any  cutter  that  is  set  in 
position  on  the  cutter-arbor  before  hardening.  The  positions 
opposite  to  which  the  notches  were  cut  should  be  marked 
on  the  chuck,  so  that  they  may  always  be  set  square  to  the 
cutter. 

483.  Besides  the  forms  of  cutter  above  described  for 
operating  on  steel,  we  may  mention  that  circular  cutters  may 
be  used  in  which  all  the  notches  round  the  circumference 
have  been  polished,  thus  removing  the  burr,  and  preventing 
them  from  acting  in  the  manner  of  a  file.  But  while,  with 
the  former  kind,  a  somewhat  rapid  rotation  is  necessary 
(although  not  so  rapid  as  when  cutting  brass),  with  this 
latter  class  the  movement  must  be  comparatively  slow,  and 
produced  by  means  of  a  hand-wheel ;  otherwise  they  will 
not  cut,  since  the  action  depends  rather  on  the  application 
of  pressure,  and  resembles  that  of  a  slide-rest  cutter.  The 
distance  apart  and  width  of  the  teeth  of  the  cutter,  as  well 
as  their  inclination,  are  of  importance  ;  if  too  far  apart  they 
occasion  a  waste  of  time  ;  if  too  large  the  machine  will  act  in 
a  jerky  manner,  and  when  too  narrow,  an  excessive  pressure 
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will  be  needed  in  order  to  make  the  cutter  bitelthe  steel, 
which,  it  is  to  be  observed,  must  always  be  thoroughly 
annealed.  The  edge  must  be  well  supplied  with  oil  or  soapy 
water  when  in  action. 

It  is  generally  found  best  to  advance  the  cutter  against 
the  edge  of  the  steel  rather  than  across  it. 

TOOL  FOR  MAKING  CUTTERS. 

484.  The  instruments  usually  employed  for  making 
cutters  for  the  teeth  of  wheels  and  pinions  are  complicated 
and  expensive,  but  the  author  has  designed  one  for  his  own 
use  that  is  comparatively  simple,  and  can  be  made  by  any 
watchmaker.  When  the  reader  has  grasped  the  principle  on 
which  it  acts  he  will  be  able,  without  difficulty,  to  modify  it 
so  as  to  suit  his  requirements. 

The  frame  BBb,  figs.  1  and  2,  plate  XIV.,  consists  of  the 
body  of  the  tool,  b  b,  and  a  bar  b  b,  which  is  attached  to  it 
by  screws.  Between  the  two  the  division-plate  p  rotates  on 
an  axis  e  r.  The  end  e  of  this  axis  is  formed  as  a  chuck  to 
receive  the  cutter/,  which  is  clamped  by  a  screw  t 

The  support  s  «  J  is  held  with  friction  in  the  lower  part 
of  this  frame,  to  carry  the  cutter-holder  A  l  m.  This  cutter- 
holder  is  hinged  at  n,  so  that  it  can  receive  a  double  motion, 
revolving  about  a  horizontal  axis  j,  and  about  an  inclined 
axisn. 

The  portion  a  l  of  the  cutter-holder  carries  a  perforated 
arbor  a  c,  with  a  ferrule  c  that  receives  the  tail  of  the  small 
rose-cutter,  which  will  presently  be  described. 

The  end  m  rests  against  a  guide  G,  held  by  a  vane  o  z,  which 
is  pivoted  on  a  pillar  z,  and  can  be  clamped  in  either  of  the 
directions  zy^zxhy  one  of  the  screws  o,  o, 

485.  We  will  now  consider  the  mode  of  action  of  the 
machine.  Having  set  the  little  arbor  cam  rotation,  rest 
the  end  m  of  the  arm  against  the  guide,  and  gradually 
advance  the  rose-cutter  towards/;  the  edge  of  ^  will  form 
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the  first  notch  in  the  grooved  rim  of  the  cutter,  and  then 
will  be  raised  from  contact  with  it,  owing  to  the  influence  of 
the  guide  G.  After  moving  the  tool-holder  back  to  its 
initial  position,  advance  the  wheel  p  by  a  tooth,  repeat  the 
operation,  and  so  on. 

86.  If  the  cutter/ has  to  be  notched  on  both  sides,  it 
must  be  reversed  on  the  chuck  ;  turn  the  guide  so  as  to 

point  in  the  direction  z  x,  corresponding  exactly  to  zy  ;  then 
having  set  the  cutter-holder  in  the  line  x  A,  re-commence 
operations.  The  two  grooves  of  the  cutter  will  then  neces- 
sarily be  of  similar  form. 

Teeth  can  be  cut  on  the  rim  of  /  by  using  a  cutter  of  the 
form  F,  fig.  4,  and  holding  m  against  a  straight  vertical 
guide. 

With  a  given  divided  wheel,  p,  the  teeth  can  be  brought 
nearer  together  by  reducing  the  diameter  of  the  cutter,  and 
vice  versd.  It  is  well  to  have  some  change  wheels,  but  a 
better  plan  is  to  advance  the  division-plate  by  the  aid  of  a 
tangent  screw. 

To  make  the  several  accessories. 

487.  Form  of  the  rose  or  star-cutter. — The  rose-cutter 
is  formed  of  a  mushroom-headed  piece  of  steel.  Such  a 
conical  cutter  is  shown  at  c  and  R,  fig.  5,  and  at  f,  fig.  4, 
plate  XIV.  F  and  c  are  cut  in  the  same  way  that  conical 
cutters  are  always  made,  and  B  is  a  small  triangular  prism 
that  only  cuts  by  its  three  comers,  «,  a,  a.  As  it  is  neces- 
sarily very  small  when  employed  in  making  the  cutters  for 
watch  pinions,  it  must,  in  such  a  case,  be  supported  at  the 
neck  by  a  little  fork.  Moreover,  it  must  be  brought  gradually 
against  the  steel  to  be  operated  upon,  so  as  only  to  engage  a 
very  little-  at  a  time.  With  a  view  to  this,  it  is  advisable 
that  the  cutter-holder  be  advanced  by  a  screw. 

The  star-cutter,  shown  at  b,  ^g.  8,  is  at  times  substituted 
for  the  rose-cutter.  It  cuts  with  the  comers  «,  e,  &c.,  whether 
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it  be  going  to  the  right  or  left  indifferently.  Or  a  triangular 
cutter  like  t,  fig.  3^  can  be  used  in  its  place  ;  but  its  angles 
are  fewer  and  less  acnte,  so  that  they  become  dnll  more 
rapidly. 

A  few  trials  will  be  needed  in  order  to  determine  the  most 
convenient  rate  of  movement  of  the  several  parts  ;  and  the 
edge  of  the  cutter/ must  always  be  liberally  snppUed  with 
oiL  A  little  can  may  be  so  arranged  as  to  allow  oil  to  Ml 
drop  by  drop  on  to  the  cutter  d  (fig.  2). 

488.  To  make  the  guide. — Having  mounted  a  plate^  o,  on 
the  vane  o  Zy  trace  out  the  approximate  form  of  the  cutter 
with  the  point  of  x ;  then  cut  off  the  superfluous  metal^ 
leaving  a  slight  margin.  This  excess  is  necessary  because 
the  curvature  of  the  guide  is  not  the  same  as  that  of  the 
cutter^  for  the  indentations  as  they  spread  out  from  the 
centre  (f)  become  gradually  deeper.  The  guide  should  be 
tested  from  time  to  time  by  operating  on  a  blank  brass  disc 
fixed  in  place  of  the  cutter  y)  and  the  guide  must  be  modified 
as  experience  shows  to  be  requisite.  Its  edge  must  be 
saddle-shaped  so  that  the  middle  may  correspond  exactly 
with  the  two  dotted  lines  zx,zy  (fig.  2). 

The  position  of  the  disc  on  the  chuck  t  must  be  brought  to 
correspond  with  the  guide  by  carefully  turned  washers  placed 
behind  it. 

489.  Driving  attachment — Fig.  4,  plate  XIV.,  shows  one 
cfystem  that  may  be  adopted  for  connecting  the  ferrule  c  with 
a  driving-wheel.  All  that  is  required  is  that  the  instrument 
be  set  in  such  a  position  that  this  ferrule  is  placed  as  indi- 
cated in  the  figure  with  reference  to  the  distributor. 

490.  Gutters  of  uneven  thickness  at  the  circumference. — 
It  is  well-known  that  the  edges  of  the  cutters  of  rounding- 
up  tools  (492)  are  made  to  taper  off  round  the  periphery. 
In  order  to  indent  such  a  cutter,  the  guide  must  be  mounted 
on  a  sHde,  so  that  it  may  be  gradually  displaced  while  the 
operation  is  in  progress,  by  an  amount  previously  determined 
upon. 
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The  desired  result  can  be  obtained  with  soflScient  accuracy 
by  moving  the  gnide  backwards  bj  saccessive  stages  with  a 
screw.  The  end  k  of  the  arm  m,  fig.  2,  is  slightly  tapered,  so 
that  a  gradual  depression  of  m  occurs^  and  each  cut  is  deeper 
than  that  which  preceded  it. 

491.  Modification  in  the  construction. — This  instrument 
may  be  modified  as  follows  :  The  disc  to  be  operated  upon  is 
fitted  to  the  chuck  of  the  division-plate  D,  fig.  6,  plate  XI  V.> 
which  is  vertical,  and  the  entire  system  is  capable  of  a  move- 
ment of  rotation  round  the  axis  of  the  base  p.  Having  set  the 
disc  in  the  plane  a  d,  as  shown  in  the  figure,  clamp  p  ;  then^ 
by  traversing  the  cutter-holder,  the  teeth  on  the  side  of  the 
cutter  towards  a  ^  are  made.  This  cutter-frame  having  now 
been  removed,  the  base  p  is  turned  until  the  cutter  is  in  the 
plane  c  n,  such  that  it  is  equally  inclined  on  the  opposite  side 
of  the  axis  of  the  cutter  frame  ;  the  teeth  on  that  side  may 
then  be  made,  the  star-cutter  being  rotated  in  an  opposite 
direction. 

It  is  unnecessary  to  prolong  our  explanations  of  the 
instrument,  as  the  details  ah*eady  given  will  suffice  for  any 
intelligent  workman. 

TOOLS   FOR   CORRECTING  THE  FORM  OF  TEETH. 

492.  Rounding-up  tools.— On  the  Continent  it  i» 
the  practice,  in  making  watch-wheels,  to  first  notch  the 
circumference  by  means  of  a  flat  circular  cutter  in  a  wheel- 
cutting  engine,  thus  forming  a  number  of  square  teeth. 
They  are  subsequently  rounded  off  to  the  usual  form,  after 
the  wheels  are  riveted  to  their  pinions,  in  a  special  tool. 

The  apparatus  employed  for  this  purpose  is  termed^a 
rounding-up  tool,  and  its  principal  feature  is  a  mill-cutter 
F,  fig.  16,  plate  VIII.,  the  portion  a  J  of  whose  circumference 
is  cut  away  and  replaced  by  a  guide  gfrnsde  of  steel  spring, 
and  so  fixed  as  to  coincide  with  the  edge  of  the  cutter  at  f, 
and  incline  at  //  in  order  to  compel  the  cutter  to  pass,  at  each 
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rotation,  iato  cooBecutiTe  spaces  of  the  wheel.  Two  screws 
are  provided,  the  one  /  for  Betting  the  guide  oppodte  the 
edge  of  the  cutter,  imd  g  for  placing  the  free  end  of  the 
gaide  opposite  to  a  space. 

This  tool  acts  with  great  rapidity,  a  fact  which  has  led  to 


its  being  veiy  extensively  used  in  the  fectoriea  of  Fi^ice 
and  Switzerland,  although  tlie  ordinary  system  of  wheel- 
cutting  (454)  is  preferred  in  England  and  on  the  Continent 
for  all  the  better  class  of  work.  For  it  should  be  noted 
that  the  rounding-up  tool  does  not  correct  any  errors  that 
are  due  to  bad  dividing ;  for  example,  if  a  wheel  ts  foond  to 
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have  some  of  its  teeth  larger  than  others,  the  tool  cannot  be 
relied  on  to  correct  them  ;  on  the  other  hand,  if  a  wheel  is 
exactly  divided  it  is  improbable  that  the  employment  of  this 
tool  will  occasion  irregularity. 

The  instrument  we  are  discussing  has,  however,  not  been 
much  used  by  watch-jobbers  until  quite  recently,  although  they 
are  frequently  called  upon  to  touch  up  the  teeth  of  wheels, 
or  to  slightly  reduce  the  diameters  of  their  pitch  circles, 
operations  which  cannot  be  done  by  hand  with  much  chance 
of  success.  The  limited  use  to  which  rounding-up  tools 
have  been  put  is  owing,  in  great  part,  to  their  high  price, 
but  cheaper  tools  on  this  principle  are  now  coming  into  use. 

493.  One  of  these  is  shown  in  the  annexed  figure  18.  The 
wheel  to  be  operated  upon  is  held  against  a  small  table  at  D 
between  two  vertical  runners  with  guard-pivot  centres,  and 
a  cutter  of  the  form  shown  at  fig.  16,  plate  VIII.,  is  fixed 
at  G  to  a  suitable  chuck  of  a  small  lathe-head  b  ;  this  is 
caused  to  revolve  by  the  hand-wheel  A,  a  supplementary 
pulley  K  taking  all  strain  off  the  axis.  The  three  milled- 
headed  nuts  seen  at  E,  F,  and  a  are  for  adjusting  the 
instrument ;  e  for  moving  the  lathe-head,  so  that  the  cutter 
is  in  the  same  plane  as  the  axis  of  the  runners,  a  position 
which  is  determined  by  the  pointer  I ;  F  for  advancing  the 
wheel  against  this  cutter ;  and  &  for  setting  the  plane  of  the 
wheel  to  pass  through  the  axis  of  the  lathe-head  as  indicated 
by  the  index  H.  The  instrument  is  accomxMmied  by  a 
number  of  cutters  to  suit  the  various  sizes  of  teeth  ordinarily 
met  with,  as  well  as  of  tables  to  support  wheels  of  different 
dimensions. 

494.  Ingold  fraise  or  cutter.    Kounding-up  cones.— 

Either  the  cutters  devised  by  M.  Ingold,  or  the  rounding-up 
cones  of  M.  Berlioz,  may  be  used  for  correcting  the  form  of 
wheel-teeth. 

The  Ingold  fraise  is  a  small  steel  cylinder  perforated 
through  the  axis  so  as  to  be  mounted  on  an  arbor,  and 
having  a  number  of  longitudinal  notches  on  its  circumference 
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which  make  it  resemble  a  pinion,  the  points  of  whose  leaves 
have  been  ground  off.  The  spsujes  of  the  fraise  are  of  the 
exact  form  required  to  be  given  to  the  teeth  of  the  wheel, 
and  their  surfaces  are  covered  with  fine  file  cuts  so  as  to 
enable  them  to  remove  metal  from  the  wheel  operated  on. 

Having  mounted  the  arbor  that  carries  it  between  two 
centres  of  a  depthing  tool  (made  specially  strong  for  the 
purpose),  the  wheel  is  supported  by  its  axis  between  the 
second  pair  of  centres  (with  guard-pivot  points).  If  now 
the  fraise  be  advanced  by  the  screw  until  its  teeth  engage 
with  those  of  the  wheel,  and  either  be  caused  to  rotate^ 
it  will  drive  the  other,  and  the  fraise  will  thus  shape  the 
teeth  to  a  pre-determined  form,  the  faces  of  each  notch 
acting  the  part  of  a  minute  file  introduced  between  the 
teeth. 

It  will  be  observed  that  such  an  instrument  is  preferable 
to  the  ordinary  rounding-up  tool,  in  that  it  may  be  relied 
upon  to  bring  all  the  teeth  to  the  same  shape,  but,  on  the 
other  hand,  the  latter  tool  has  an  advantage  in  being  avail- 
able for  slightly  reducing  the  diameter  of  a  wheel  when  a 
depth  is  found  to  be  too  strong. 

495.  An  objection  has  been  urged  against  the  Ingold 
fraises  on  the  ground  of  expense,  as  each  dimension  of  tooth 
evidently  requires  a  cylinder  specially  adapted  to  it.  This 
fact  has  led  to  the  introduction  of  "  rounding-up  cones,"  the 
invention  of  M.  Berhoz,  which  act  on  precisely  the  same 
principle,  but  are  conical  instead  of  cylindrical,  so  that  each 
fraise  evidently  takes  the  place  of  a  number  of  Ingold 
fraises,  the  total  number  being  proportionately  reduced. 
But  great  dexterity  is  required  in  their  use,  so  that 
they  cannot  be  successfully  employed  until  after  numerous 
trials. 

496.  Exact  rounding-up  tool.— The  author  has  devised 
an  instrument  for  giving  to  the  teeth  of  wheels  the  exact 
form  determined  upon  by  theory,  but  as  it  is  of  too  elaborate 
a  nature  to  come  into  general  use,  we  shall  not  do  more  than 
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here  refer  to  it.*  It  is  rather  of  a  nature  to  be  used  for 
scientific  work,  but  might  be  found  of  considerable  value  for 
accurately  formmg  the  blades  of  cutters  that  are  used  in 
grooving  the  circular  cutters  employed  for  cutting  the  teeth 
of  wheels. 

497.  To  round  up  teeth  by  hand.— We  have  seen  a 
country  watchmaker  proceed  somewhat  as  follows :  his 
method  was  only  effective,  however,  for  ensuring  the  vetti- 
cality  of  the  file,  and  did  not  maintain  it  straight,  nor  could 
the  curvature  of  all  the  teeth  be  relied  upon  to  be  the  same  ; 
these  two  conditions  are  satisfied  by  the  system  here 
explained. 

Formerly  watchmakers  possessed  very  considerable  skill 
in  this  kind  of  work,  as  the  teeth  were  always  formed  by 
hand  ;  but  at  the  present  day,  for  want  of  practice,  there  is 
not  one  to  be  found  in  a  hundred  competent  to  round  up  a 
wheel  properly  by  hand  alone.  Recourse  may  be  had  to  the 
following  expedient  in  an  emergency :  it  necessitates  the 
construction  of  a  small  special  tool,  but  this  is  so  simple 
that  it  can  be  made  in  a  few  hours  by  an  apprentice. 

498.  Take  a  bar  of  metal  or  hard  wood,  made  smooth  on 
its  faces  and  square  at  the  comers  (b,  fig.  5,  plate  XI.),  and 
adapt  to  it  a  slide  c  c,  through  the  centre  of  which  a  slot  is 
cut  to  receive  a  clamping  screw  ;  it  slides  between  the  four 
pins  indicated  in  the  figure.  An  arbor  a  is  supported  by  c  c, 
parallel  to  B,  having  a  plate  at  its  end  on  which  a  wheel  to 
be  operated  on  can  be  fixed  by  three  screws  and  a  loose 
plate.  It  is  centred  by  the  circumference  before  clamping 
these  screws,  rotating  a  with  a  bow,  and  it  may  be  well 
to  place  a  piece  of  tissue  paper  under  and  over  the  wheel  in 
order  to  avoid  scratches,  v  is  a  tongue  that  can  be  intro- 
duced into  the  space  between  two  teeth  in  order  to  prevent 
the  wheel  from  moving. 

*  For  description  'see  Revue  Chronometrique,  Vol.    II.  (1859),  p. 
170. 
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Two  arms  jt?,  p^  screwed  to  the  bar  r  r,  support  the  handle 
of  the  rounding-up  file  ?,  which  consists  of  a  large  cylinder 
T,  having,  at  either  end,  long  thick  pivots,  or  rather  rods, 
t,  t,  that  shde  in  the  arms  j»,  p.  The  cylinder  t  must  be 
exactly  parallel  to  the  arbor  a,  and  the  longer  it  is  the 
better.  The  file-holder,  8,  also  shown  detached  at  Y,  fig.  6, 
is  merely  driven  on  to  the  rod  t.  The  distance  between  the 
centre  of  the  axis  t  and  the  face  of  the  file  (b  b^,  fig.  6) 
is  equal  to  the  radius  of  the  circle  that  embraces  the 
external  curves  of  two  or  more  teeth,  as  will  be  presently 
explained. 

The  several  parts  being  arranged  as  shown  in  fig.  5,  and 
the  bar  clamped  in  a  vice  at  e,  it  will  be  obvious  that,  if  the 
wheel  is  held  in  two  fingers  of  the  left  hand  so  as  to  prevent 
it  from  being  displaced,  while  the  rod  T  is  moved  up  and 
down,  at  the  same  time  rotating  it  with  the  right  hand,  the 
curves  of  two  teeth  will  be  adjusted  to  correspond  with  the 
Bxc  00  0  (z,  fig.  6),  and,  by  transferring  the  tongue  v  to  the 
next  succeeding  space,  the  curve  i  i  i  can  be  struck. 

499.  Observations. — As  we  have  shown  in  the  Treatu& 
on  Modern  Horology  (pages  615 — 16),  the  curvature  of  the 
point  of  a  tooth  coincides  very  closely  with  a  circular  arc 
described  from  a  certain  definite  centre,  and  comprising 
either  two  or  three  teeth.  In  order  to  realize  these  con- 
ditions in  practice,  the  slide  cc\&  m  adjusted  that  the  axis 
of  T  passes  just  within  the  circle  that  passes  through  o^  o,  o, 
&c.  (z,  fig.  6),  at  which  the  points  of  the  teeth  commence  ; 
by  making  trials  with  two  or  three  file-holders  that  diflfer  in 
regard  to  the  distance  .b  b^  (y,  fig.  6),  it  will  be  easy  to 
select  the  most  suitable  for  producing  the  required  curve. 
After  operating  on  all  the  teeth  in  succession,  advance  the 
wheel  by  means  of  the  screw  D,  and  again  work  round  the 
circumference,  and  so  on. 

The  progress  of  the  work  should  be  frequently  examined 
with  the  glass. 

It  is  possible  to  dispense  with  the  tongue  v,  and  to  merely 
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steady  the  wheel  by  hand ;  the  work  is  thns  done  more 
rapidly,  bat  mast  be  examined  with  very  great  care. 

We  woald  insist  that  the  lengths  of  the  two  axes  are  an 
element  of  success.  In  operating  on  watch-wheels  T  shonld 
not  be  less  than  six  inches  long. 

By  suppressing  the  tongue  the  motion  of  the  two  axes 
may  be  co-ordinated  so  as  to  form  any  theoretical  carve ; 
this  is  the  case  in  the  exact  roonding-np  tool  already  referred 
to^  but  it  of  coarse  renders  the  instrument  more  complicated. 

500.  To  ease  a  train  of  wheels.— In  very  many  of  the 
cheaper  watches  and  timepieces  now  met  with  in  commerce 
the  teeth  are  rough  and  badly  cat,  and  the  pinions  but  little 
polished,  so  that  watchmakers  are  constantly  complaining  of 
the  difficulty  of  securing  even  a  moderately  good  depth.  In 
such  cases  they  have  a  simple  method  to  adopt  in  addition 
to  those  already  referred  to,  namely,  to  polish  the  teeth  with 
a  piece  of  charcoal 

A  piece  of  smooth  even  charcoal  with  regular  fibre  is 
moistened  with  oil  or  water,  and  passed  across  the  teeth 
individually  ;  first  with  the  fibres  lying  in  the  direction  of 
motion,  and  afterwards  with  them  at  right  angles  to  that 
direction. 

If  the  charcoal  is  carefully  selected  and  lightly  applied  for 
a  sufficient  length  of  time  and  no  more,  the  ogives  will  be 
found  to  be  nicely  smoothed,  and  the  depth  will  ran  far 
more  easily  than  it  did  previonsly. 

It  is  dangerous  to  ase  qoick-cutting  charcoal  as  it  is  apt 
to  deform  the  teeth. 

Smoothing  with  a  brush  charged  with  charcoal  powder 
cannot  be  regarded  as  anything  more  than  cleaning ;  if  the 
action  is  too  much  prolonged  the  form  of  the  teeth  will  be 
spoilt. 

TO  TEST  THE  ACCURACY  OF  CERTAIN  TOOLS- 

501.  Drilling  tool. — First  centre  the  runner  in  the 
turns,  and  ascertain  that  it  is  straight,  cylindrical,  and 
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exactly  centred ;  then  fit  a  ring  to  it  so  as  to  slide  with 
friction  to  (temporarily)  limit  the  descent  of  this  runner  in 
the  vertical  stock  of  the  tool. 

After  placing  it  in  position,  adapt  to  its  lower  end  a  collar 
provided  with  a  long  index  of  soft  brass,  which  is  bent  so  as 
almost  to  tonch  the  plate  at  its  circumference.  Rotate  the 
runner  and  it  will  be  shown  to  be  perpendicular  to  the  plate 
if  the  point  of  the  index  remains  at  the  same  distance  from 
the  plate. 

As  a  confirmatory  test  the  runner  maybe  drawn  up  in 
the  stock,  and  the  trial  repeated  after  bending  the  index 
nearly  to  touch  the  plate. 

502.  Uprighting  tool. — If  the  two  stocks  or  tubes  that 
receive  the  runners  are  exactly  in  line,  a  runner  should  move 
easily  through  the  two  at  once. 

Setting  the  points  in  contact  in  various  positions  in  a 
vertical  line,  observe  whether  they  coincide,  both  when  at 
rest  and  when  rotated  together  or  independently. 

First  ascertain  that  the  table  is  at  right  angles  to  the  axis 
in  the  manner  already  explained  fot  the  drilling  tool,  making 
the  necessary  tests  with  the  two  runners  independently. 
Then  support  between  their  points  a  short  arbor  carrying  a 
soft  brass  index.  The  position  of  the  lower  runner  being 
maintained  constant  by  means  of  a  collar  as  above  explained, 
rotate  the  upper  one  by  hand ;  its  friction  will  carry  .the 
arbor  and  index  round,  the  point  of  this  latter  being  set 
close  to  the  plate.  Repeat  the  operation  by  raising  the  pair 
of  runners  and  bending  the  index  down  to  the  same  amount. 

If  in  these  various  positions  the  point  remains  at  the  same 
distance  from  the  table,  it  affords  evidence  that  the  tool  is 
accurate. 

An  uprighting  tool  consists  of  two  parts :  the  table  carrying 
the  lower  stock,  and  the  bridge  that  forms  the  upper  stock. 
The  base  of  this  latter  is  a  ring  turned  flat  and  co-axial  with 
the  stock,  and  is  fitted  accurately  into  a  square  groove 
surrounding  the  table,  where  it  is  fixed  by  screws. 
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Any  watchmaker  underatanduig  this  mode  of  conBtraction 
will  easily  perceive  when  he  has  tested  the  tool  in  the 
manner  above  indicated,  both  what  are  its  faults  and  how 
for  he  can  correct  them.    {See  articles  391,  412 — 3-) 


503.  The  English  nprighting  and  drilling  tools,  and  some 
of  foreign  constrnctiou,  are  combined  on  the  same  etand, 
and  a  good  arrangement,  made  by  Boley,  is  shown  in  fig. 
19.  It  will  be  seen  that  the  drill  can  be  set  in  motion 
by  a  hand  or  foot-wheel ;  tie  table  is  fixed  in  a  vice  and  j 
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provided  with  two  dogs  for  clamping  the  object.  The 
drilling  spindle  is  perforated  throughout  its  length  so  that 
the  drill  can  be  held  by  an  American  split  chuck  (283). 

504.  Depthing  tool. — ^As  the  goodness  of  a  depth 
depends  essentially  on  the  overlapping  of  the  teeth  being  the 
exact  amount  required  by  theory,  it  is  specially  important 
that  the  tool  used  for  determining  the  distance  between  the 
centres  of  the  mobiles  should  be  of  the  utmost  attainable 
accuracy. 

First  ascertain  that  the  spindle  which  serves  as  an  axis 
for  the  two  halves  of  the  tool  does  not  change  position  when 
they  have  been  several  times  separated  and  brought 
together.  For,  if  this  were  to  happen,  and  a  runner  were 
uneven  or  the  hinge  not  smoothed  within,  the  parallelism  of 
the  two  pairs  of  runners  would  be  impaired. 

The  runners  must  be  of  equal  thickness  throughout,  and 
should  pass  with  ease  from  one  head  to  that  opposite.  Their 
points  and  centre-holes  must  be  seen  to  be  in  good  condition, 
and,  on  placing  them  in  the  turns,  they  must  be  found  to  be 
both  true  and  cylindrical.  Having  restored  them  to  their 
places  with  the  points  together,  move  the  pair  lengthwise 
from  one  head  to  the  other,  examining  the  points  in  suc- 
cessive positions  to  ascertain  that  they  coincide  accurately, 
both  when  the  runners  are  loose  and  when  clamped.  When 
the  adjustment  has  been  carelessly  done  the  runners  will  be 
found  to  bend  under  pressure,  causing  the  points  to  be 
displaced. 

Having  set  two  runners  side  by  side  and  level,  describe 
with  them  circular  arcs  on  a  smooth  piece  of  brass  from 
centres  previously  marked,  first  with  the  points  just  pro- 
jecting from  the  heads  and  then  projecting  more  and  more. 
These  tests  may  be  made  both  within  and  without  the  tool ; 
so  that  there  will  be  four  sets  of  tests  in  all. 

It  is  very  important  in  making  the  last-named  trials,  that 
the  tool  be  maintained  at  right  angles  to  the  plate  on  which 
the  circular  arcs  are  traced ;  this  condition  can  easily  be 
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satisfied  by  a  special  device,  or  by  merely  causing  the 
compass  to  slide  along  a  set-square,  it  may  be  added  that 
the  series  of  arcs  should  be  drawn  end  to  end,  in  order  that 
it  may  be  easier  to  observe  their  agreement  or  difference 
when  examining  with  the  glass. 

505.  When  this  series  of  tests  has  been  gone  through, 
and  the  points  have  been  examined  so  as  to  make  sure  that 
there  is  no  burr  which  bends  over  while  tracing  the  arcs,  it 
is  possible  to  determine  the  value  of  the  tool ;  we  know 
whether  it  is  perfect  or  not,  and  what  corrections  are 
required.  As  a  rule  there  are  two  points  mainly  at  fault ; 
the  holes  in  the  heads  are  not  exact  continuations  the  one  of 
the  other,  so  that  they  need  to  be  broached  out  afresh 
(709),  and  new  runners  have  to  be  made.  A  careful 
and  intelligent  workman  who  is  provided  with  suitable  tools 
will  be  able,  from  the  information  given  in  this  work,  to 
correct,  or  at  least  improve,  a  defective  depthing  tool ;  but, 
as  a  rule,  it  will  be  better  done  by  the  maker. 
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PART   Y. 

ON  REPAIRING  AND  EXAMINING  WATCHES. 

METHOD. 

506.  Expedition  and  certainty  in  watchmaking  and  re- 
pairing are  primarily  secnred  by  proceeding  on  a  definite 
i^stem  both  in  the  preliminary  examination  of  the  watch 
and  in  details  of  constmction  or  repairing. 

The  best  watchmakers,  and  practical  men  generally, 
take  their  work  in  a  certain  order,  from  which  any  departure 
is  exceptional.  By  this  means  they  avoid  the  necessity  of 
doing  work  twice  over  and  of  frequently  taking  up  the  same 
piece  ;  a  circumstance  that  often  occurs  with  young  watch- 
makers, owing  to  forgetftilness  or  to  a  want  of  sequence  in 
their  ideas. 

They  should  from  the  first  exercise  themselves  in  working 
methodically  on  a  definite  system. 

It  must,  however,  be  understood  that  no  method  can  be 
inflexible,  nor  can  it  be  equally  advantageous  for  different 
individuals,  because  men  difiPer  in  regard  to  manual 
dexterity,  goodness  of  eyesight  and  of  memory,  power  of 
associating  their  ideas,  &c,  A  system  that  is  suitable  to  a 
person  of  unexcitable  temperament  will  have  to  be  modified 
by  one  who  is  oppositely  disposed.  Everyone  will  be  able  to 
decide  for  himself  as  to  the  best  system  to  adopt  and  the 
order  in  which  to  take  his  daily  work. 

These  preliminary  observations  appear  necessary  because 
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the  method  explained  below  of  examining  a  Geneva  watch 
has  been  regarded  by  some  as  too  long  and  minute.  We 
wonld  nrge  any  yonng  watchmaker  that  hears  such  ideas 
advanced  to  assnre  himself  that  it  is  a  mistake^  becanse  the 
system  here  explained  is  only  put  forward  subject  to  the 
modifications  that  experience  suggests ;  and  it  is  to  be 
observed  that  many  of  the  operations  given  can  be  performed 
more  rapidly  than  they  are  described. 

When  a  watchmaker  experiences  a  great  loss  of  time,  does 
it  not  usually  arise  from  the  fact  that'he  is  obliged  to  take 
a  watch  to  pieces,  or  nearly  so,  after  its  repairing  and  exami- 
nation were  thought  to  have  been  completed ;  or  when  a 
watch  that  has  been  repaired  is  brought  back  to  be  examined 
before  the  ordinary  period  of  cleaning  has  elapsed  ? 

Let  him  add  together  the  numerous  hours  spent  in  this 
kind  of  thankless  work,  let  him  sum  up  the  worries  ex- 
perienced, and  the  discredit,  (&c.,  to  which  he  has  been 
subjected,  and  he  will  see  that  systematic  work  would  have 
saved  him  both  loss  of  money  and  loss  of  credit. 

EXTERNAL  EXAMINATION   OF  THE  WATCH. 

07.  In  the  following  paragraphs,  when  the  manner  in 
which  a  given  fault  is  not  indicated  at  once,  it  should  be 
sought  in  the  index  of  this  volume,  either  under  the  name 
of  the  operation  or  under  that  of  the  object  to  which  it 
relates.  The  reader  will  see  for  himself  which  passages  refer 
exclusively  to  the  English  and  which  to  the  Geneva  watch. 

508.  Case,  glass,  dial,  dome.— Glance  at  the  case  in 
order  to  ascertain  that  it  has  not  received  a  blow  or  been 
subjected  to  pressure  ;  that  the  joints  and  fly  springs  work 
well ;  and  that  the  hands  in  rotating  touch  neither  the  glass 
nor  dial.  By  laying  the  nail  on  the  surface  of  the  glass,  it  will 
be  easy  to  see  whether  there  is  sufficient  jfreedom  between 
the  socket  of  the  hand  and  the  glass.  In  case  of  doubt, 
place  a  small  piece  of  paper  on  the  hand,  close  the  bezel  and 
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tap  the  glass  with  the  finger  while  the  watch  is  in  an  inclined 
position.    If  free,  the  paper  will  be  displaced. 

The  set-hands  square  should  be  rounded  at  the  end  and  a 
trifle  below  the  level  of  the  dome  in  order  to  avoid  the 
possibility  of  contact  in  case  of  any  accidental  bending  of 
the  back  of  the  watch,  and  the  dome  must  not  press  on 
the  balance-cock  wing  or  the  central  dust  cap  (if  present). 
The  above  remark  also  applies  to  the  winding  square  of  a 
fusee  watch. 

There  must  be  sufficient  freedom  between  the  going-barrel 
teeth  and  the  banking-pin  of  the  balance  on  the  one  hand, 
and  the  internal  rim  of  the  case,  the  fly-springs,  and  the  joints 
on  the  other.  Otherwise  there  is  danger  of  contacts  when 
the  case  is  closed  which  occasion  irregularity  and  stoppage 
often  difficult  to  detect. 

509.  The  dome  must  be  at  a  sufficient  distance  from  all 
parts  of  the  movement,  more  especially  the  balance-cock.  If 
there  is  any  occasion  for  doubt  on  this  point  put  a  thin  layer 
of  rouge  on  the  parts  that  are  most  prominent.  Close  the 
case  and,  holding  it  in  one  hand  to  the  ear,  apply  a  pressure 
at  all  parts  of  the  back  with  a  finger  of  the  other  hand, 
listening  attentively  in  order  to  ascertain  whether  the  vibra- 
tions are  interfered  with.  If  the  interval  is  insufficient,  a 
trace  of  rouge  will  be  found  on  the  inside  of  the  dome.  In 
such  a  case,  if  the  dome  cannot  be  raised  nor  hollowed  slightly 
in  the  mandril  (when  formed  of  metal;,  lower  as  far  as 
possible  the  index  work  and  the  balance-cock  wing  and  fix  in 
the  plate,  close  to  the  balance,  one  or  two  screws  with 
mushroom  heads  that  will  serve  to  raise  the  dome. 

Ascertain  that  the  hands  stand  sufficiently  far  apart ;  that 
the  hour  hand  does  not  rub  against  the  hole  in  the  dial  ;  and 
that  the  minute  hand  does  not  come  nearer  to  the  dial  in  one 
place  than  in  another,  a  fault  which  may  arise  either  from  the 
dial  not  being  flat  or  from  the  centre-wheel  being  badly 
planted  (518). 

Bemove  the  movement  from  its  case,  after  making  sure 
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that  it  is  held  steadily  by  the  locking  screws  ;  take  off  the 
hands,  and  see  that  the  hour  wheel  has  the  right  amount  of 
plaj  ;  this  freedom  may  be  diminished  if  required  by  laying 
on  the  wheel  small  discs  of  tinsel  cut  oat  with  a  pnnch. 
If  the  dial  presses  against  any  part  of  the  movement,  or  is 
not  flat  or  comes  so  near  to  any  of  the  pivot  holes  as  to  draw 
off  the  oil,  it  mnst  be  ground  away  until  a  sufficient  amount 
of  freedom  is  obtained  (674). 

TO   EXAMINE  A  GENEVA  MOVEMENT. 

510.  Although  the  following  remarks  refer  in  the  main 
to  foreign  watches  with  a  Lepine  movement,  very  many  are 
also  applicable  to  the  English  watch  ;  further  observations 
specially  bearing  on  it  will  be  found  in  articles  534 — 7. 

511.  The  motion  work  and  hands. — Rotate  the  wheels 

connecting  the  hour  and  minute-hands  by  the  aid  of  a 
key  and  a  glance  will  suffice  to  show  whether  the  several 
depths,  which  should  be  light,  are  satisfactory.  The  wheels 
should  not  rub  against  one  another,  the  plate,  barrel,  or 
stopwork.  The  barrel  should  have  been  previously  examined 
to  ascertain  that  it  is  not  inclined  to  one  side,  as,  if  it  were, 
an  error  would  probably  be  made  in  estimating  the  degree 
of  freedom. 

The  set-hands  arbor  (the  square  of  which  should  be  a  trifle 
smaller  than  that  of  the  barrel  arbor)  must  turn  rather 
stiffly  in  the  centre  pinion,  and  the  cannon-pinion  must  be 
held  on  the  arbor  sufficiently  tight  to  avoid  al  chance  of  its 
rising  and  so  becoming  loose ;  for  this  would  alter  the  play 
of  the  hands  and  motion  work.  If  any  fault  is  found  in  the 
adjustment  correct  it  at  once,  so  as  to  avoid  doing  so  after 
the  movement  has  been  cleaned  (614). 

If  it  has  not  been  already  done,  slightly  round  the  lower 
end  of  cannon-pinion  and  the  steel  shield,  care  being  taken 
to  avoid  forming  a  burr  on  the  pinion  leaves.  These  two 
pieces  ought  to  rest  on  the  ends  of  the  centre  pinion  pivots, 
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tested  by  touch  in  the  manner  explained  at  pp.  636—642  of 
the  Treatise  an  Modern  Horology,  and  the  requisite  corrections 
applied  after  having  re-polished  the  pivots,  &c.,  as  may  be 
necessary.  We  would  observe  that  holes  a  trifle  large  are 
less  inconvenient  than  those  which  afford  too  little  play, 
providing  the  depths  are  in  good  condition. 

516.  Length  of  balance-pivots:  centring  the  balance- 
spring. — Remove  the  endstone  from  the  chariot  and  see 

that  the  pivot  projects  enough  beyond  the  pivot-hole  when 
the  plate  is  inverted.  Then  remove  the  cock  and  detach  it 
irom  the  balance.  Take  off  the  balance-spring  with  its 
collet  irom  this  latter  and  place  it  on  the  cock  inverted,  so 
as  to  see  whether  the  collet  is  central  when  the  outer  coil  is 
midway  between  the  curb-pins.  Remove  the  cock  endstone 
and  endstone  cap,  place  the  top  balance  pivot  in  its  hole 
and  see  that  it  projects  a  little  beyond  the  pivot-hole. 

Place  the  balance  in  the  figure-of-8  calliper  to  test  its 
truth,  and,  at  the  same  time,  to  see  that  it  is  sufficiently  in 
poise ;  it  must  be  remembered,  however,  that  the  balance  is 
sometimes  put  out  of  poise  intentionally  (see  No.  8  in 
article  547). 

517.  Play  of  train-wheel  pivots.— Allow  the  train  to 

run  down:  if  it  does  so  noisily  or  by  jerks,  it  may  be 
assumed  that  some  of  the  depths  are  bad  in  consequence 
either  of  the  teeth  being  badly  formed,  or  the  holes  too 
large,  &c.  To  test  the  latter  point,  cause  the  wheels  to 
revolve  alternately  in  opposite  directions  by  applying  a 
finger  to  the  barrel  or  centre-wheel  teeth,  at  the  same  time 
noting  the  movement  of  each  pivot  in  turn  in  its  hole  ;  a 
little  practice,  comparing  several  watches  together,  will  soon 
enable  the  workman  to  judge  whether  the  play  is  correct. 

The  running  down  of  the  train  will  also  indicate  whether 
any  pivots  are  bent. 

Now  remove  the  barrel-bar  with  its  several  attachments. 

518.  Centre-wheel:  bad  uprighting.— Remove  the 

third  wheel,  and,  if  necessary,  test  the  uprighting  of  the 
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centre-wheel  by  passing  a  round  l?roach  or  taper  arbor 
through  it,  and  setting  the  plate  in  rotation  about  this  axis, 
holding  a  card  near  the  edge  while  doing  so.  This  will 
indicate  at  once  whether  the  axis  of  the  wheel  is  at  right 
angles  to  the  plate. 

When  a  marked  deviation  is  detected,  or  the  holes  are 
found  to  be  too  large,  they  must  be  re-bushed  and  uprighted 
again  (625). 

When,  however,  the  error  is  but  slight,  the  axes  may  be 
set  vertical  by  bending  the  steady  pins  a  little,  in  doing 
which  proceed  as  follows  : — 

Set  the  bar  in  its  place  alone,  the  screw  or  screws  being 
a  little  unscrewed,  and  rest  the  side  of  the  bar  opposite  to 
that  towards  which  it  is  to  be  bent  against  a  piece  of  brass 
held  in  the  vice,  and  strike  the  farther  edge  of  the  plate  one 
or  two  sharp  blows  with  a  small  wooden  mallet.  Experience 
alone  can  teach  the  workman  to  proportion  the  blow  so  as 
to  obtain  a  given  amount  of  deviation,  and  must  enable  him 
to  ascertain  whether  it  is  desirable  or  not  to  pass  a  broach 
through  the  steady-pin  holes  before  operating  as  above  ex- 
plained. Some  discretion  is  essential  in  practising  the  metbod. 

It  is  important  that  the  centre  pivots  project  beyond  the 
holes  in  the  plate  and  bar.  A  circular  recess  is  turned 
round  the  outer  end  of  each  of  these  holes  so  as  to  form 
reservoirs  for  oil.  Owing  to  the  neglect  of  these  simple 
precautions,  which  are  so  easy  to  take,  many  watches, 
especially  those  that  are  thin,  come  back  for  repair  with 
their  centre  pivots  in  a  bad  state,  because  the  oil  could  not 
be  applied  in  sufficient  quantity,  and  has  been  drawn  away 
by  the  cannon-pinion  or  the  steel  shield. 

If  the  watch  has  a  seconds-hand,  ascertain  by  means  of 
the  calliper  that  its  wheel  is  upright.  Finally,  examine  each 
jewel  to  see  that  it  is  neither  cracked  nor  rough  at  the  edges 
of  the  hole. 

519.  The  barrel :   to  take  down  and  repair.— The 

side  spring,  which  must  not  be  too  strong,  should  reach  with 
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certainty  to  the  bottom  of  the  spaces  between  the  teeiih  of 
the  ratchet,  and  this  latter  should  be  held  steadily  inpontioii 
by  the  cap.  The  barrel  may  be  made  straight  and  tme  on 
its  axis  by  the  methods  explained  in  articles  560— 2i 
the  arbor  having  been  previously  put  in  order  if  reqnired 
(581 — 4).  It  is  a  good  plan  after  making  the  extensive 
repairs  here  spoken  of  to  again  test  the  barrel  and  centie- 
pinion  depth,  either  by  touch  or  by  drilling  a  hole  fcr 
observation. 

The  screw  of  the  star-wheel  must  not  project  within  the 
cover  nor  rub  against  the  dial ;  it  must  be  reduced  if  eitier 


Fig.  20. 

case  presents  itself.  The  action  of  the  stop-work  muafc  be 
well  assured,  especially  when  the  actual  stop  occurs.  It  is 
a  good  plan  to,  as  it  were,  "  round-up  "  the  star-wheel  and 
finger-piece,  with  an  emery  stick,  supporting  them  on  arboffl. 
There  must  be  no  possibility  of  friction  between  the  finger 
and  the  bottom  of  its  sink. 

520.  To  test  the  stopwork.— Take  up  the  winding 
square  of  an  arbor,  with  the  barrel,  &c.,  in  position,  in  a 
pair  of  sliding  tongs  or  a  Birch's  key ;  hold  the  tongs 
between  the  last  three  fingers  and  the  palm  of  the  left  hand, 
the  first  finger  and  thumb  being  applied  to  the  circumferenoe 
of  the  barrel  so  as  to  rotate  it,  first  in  one  direction  and 
then  in  the  other.    During  this  movement,  take  a  pegwood 
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a  the  right  hand,  and  try  to  turn  the  star-wheel 
the  direction  in  which  it  would  be  impelled  by  the 
the  position  is  indicated  by  B  in  the  annexed  figure  20.* 
»th  that  is  just  going  to  engage  with  the  finger  will 
caused  to  take  up  the  worst  possible  position  for 
imed,  and  thus,  if  the  action  proves  to  be  satisfactory 
.  tooth,  we  may  rest  content  as  to  the  future  ;  pro- 
of course,  that  the  engagement  takes  place  square, 
re  is  no  tendency  to  cause  distortion  of  the  metal, 
tie  comer  of  c  is  stopped  against  the  convex  tooth 
tar  wheel,  the  finger  should  be  &ee  in  a  space,  and 
towards  the  centre  of  a.  By  holding  the  sliding 
.  a  vice  both  hands  can  be  kept  at  liberty, 
etails  in  regard  to  the  examination  and  repair  of 
nechanism,  see  articles  538,  604 — 5. 

SORIES   OF    USE   SPECIALLY    TO    BEGINNERS. 

To  facilitate  the  work  by  securing  order  in  taking 
8  and  cleaning,  preventing  the  screws  from  being 
kc,  it  is  a  good  practice  to  prepare  beforehand  one  or 
Dards,  in  which  grooves  and  holes  are  made  in 
5  to  correspond  with  those  of  the  several  pieces  on 
3  of  the  watch,  as  indicated  by  fig.  1,  plate  IX. 
ound  holes  receive  the  cock  and  bar  screws,  which 
cleaned  while  the  other  parts  are  in  the  benzine 
,  (Two  holes  are  shown  side  by  side  for  each  bar 
c,  so  that  the  same  plate  will  serve  for  a  large  and 
itch.)  The  oval  or  circular  hollows  at  a  and  round 
e  the  cap  screws,  and  m  the  shield ;  c,  c,  c,  hold  the 
>f  the  side  spring  and  star-wheel  and  the  finger- 
1 ;  y  is  for  the  screws  of  the  top  endstone,  and  n  for 
the  bottom  endstone,  &c. 


plin's  Lecture  on  Examining  Geneva  "Watches.    Kwohgical 
ra.  XIX.  (1878),  p.  120. 
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It  may  be  well  here  to  mention  the  very  convenient 
divided  deal  boxes  for  holding  the  several  parts  of  a  watch 
when  taken  to  pieces  that  are  in  general  use  by  watchmakers. 
They  are  of  foreign  manufacture^  and  measure  about  six 
inches  by  four,  and  one  inch  in  depths  thus  being  large 
enough  to  contain  all  the  parts  of  any  ordinary  watch. 

At  first  every  young  watchmaker  will  find  the  advantage 
of  noting  on  paper  bearing  the  number  of  the  watch  the 
successive  operations  that  have  to  be  done.  He  will  then 
merely  have  to  strike  them  out  one  by  one  as  the  work 
progresses.  As  he  becomes  more  practised  he  can  dispense) 
with  this  auxih'ary. 

CLEANING   THE   WATCH. 

522.  Whatever  system  of  cleaning  is  adopted  it  is 
essential  that  it  be  concluded  by  passing  a  pegwood  point 
into  each  of  the  holes. 

Brilliancy  is  given  to  the  surfaces  of  cleaned  pieces  by 
passing  a  carefully  kept  fine  brush  over  them.  A  brush  th^t 
is  greasy  can  only  be  cleaned  by  soap  and  water,  and  a  new 
brSh  is'prepared  for  use  by  'paaig  aa  inclined  cutting 
edge  over  the  ends  of  its  bristles  so  as  to  taper  them  off  to 
fine  points^  and  to  remove  knots  due  either  to  hard  parts  or 
to  bristles  becoming  united.  This  preliminary  treatment  is 
completed  by  charging  the  brush  with  French  chalk,  and 
rubbing  it  vigorously  on  a  dry  crust  of  bread  until  the  brush 
can  be  passed  over  a  gilded  surface  without  scratching  it. 
The  bristles  are  maintained  in  good  condition  by  the  same 
treatment.  Billiard  chalk  is  also  very  effective  for  this 
purpose,  and  the  greater  number  of  cavities  there  are  in  the 
crust  the  better  it  will  act.  Groat  bread  seems  to  be 
preferable  to  that  made  from  wheat,  because  the  latter  con- 
tains greasy  particles  which  prevent  the  brush  from  being 
kept  thoroughly  clean.  A  burnt  bone  is  an  excellent 
substitute  for  the  crust,  and  has  the  advantage  of  causing 
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fche  brush  to  impart  a  very  brilliant  appearance  to  objects 
to  which  it  is  applied. 

523.  To  clean  with  a  brush. — This  method  is  less 

used  now  than  formerly,  as  it  can  be  adopted  with  safety 
with  the  old-fashioned  gilding,  but  is  too  severe  for  the  thin 
galvanic  coats  that  are  applied  at  the  present  day.  It  may, 
however,  be  resorted  to  for  getting  up  the  surface  of  polished 
brass  wheels,  for  example. 

Put  some  French  chalk  or  powdered  hartshorn  (which 
can  be  bought  at  a  chemist's)  in  pure  alcohol.  Shake  the 
mixture;  and  with  a  fine  paint  brush  coat  the  object  with  a 
small  quantity  of  it,  subsequently  brushing  the  surface  with 
a  brush  that  is  in  very  good  condition.  Polished  wheels 
may  be  made  to  present  a  very  brilliant  appearance  by  this 
means,  but  their  teeth  and  the  leaves  of  pinions  must  be 
afterwards  carefully  cleaned. 

The  French  chalk  and  hartshorn  are  all  the  more  effective 
according  as  they  have  remained  a  longer  time  in  the 
alcohol ;  doubtless  owing  to  the  fact  that  the  hard  grains  met 
with  in  them  are  then  more  completely  dissolved. 

524.  Soaping. — It  is  advisable  to  use  a  soap  that  quickly 
produces  a  good  lather ;  and  the  object  is  held  in  the  hand  and 
cleaned  by  rubbing  with  a  soft  brush  charged  with  this  lather ; 
then  immerse  first  in  clean  water,  and  subsequently  in  alcohol, 
moving  it  about  in  each :  it  may  be  left  for  a  few  seconds  in 
this  latter,  and,  on  being  removed,  is  dried  with  a  fine 
linen  rag  or  soft  muslin.  A  stroke  with  a  soft  brush  in  good 
condition  will  give  brilliancy  to  the  surface. 

As  water  sometimes  dissolves  the  soap  very  slowly,  it  is 
desirable  that  it  be  employed  warm. 

If  about  to  soap  polished  wheels,  the  surface  must  be  first 
got  up  with  a  buffstick  and  rouge,  or  by  brushing  with 
hartshorn. 

The  balance-spring  may  be  cleaned  by  laying  it  on  a  linen 
rag  doubled,  and  tapping  it  gently  with  a  brush  charged  with 
lather ;  then  dipping  in  water  and  alcohol  in  succession. 
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The  alcohol  may  be  used  hot  or  cold ;  its  actionis,  however, 
more  rapid  and  effeetive  in  the  former  case.  Bat  there  is  no 
occasion  to  nse  hot  alcohol  except  whendealing  with  substances 
such  as  waXy  that  resist  its  action. 

525.  Essences  and  benzine. — The  employment    ot 

essences  in.  cleaning  watches  is  becoming  more  general  every 
day.  They  are  to  be  obtained  at  all  the  tool-shops,  together 
with  full  instructions  in  regard  to  their  use.  A  few  observa- 
tions may  nevertheless  not  be  out  of  place  here. 

The  objects  are  left  in  the  solution  for  a  few  minutes  in 
order  to  aJlow  all  adhering  matter  to  dissolve,  but  they  must 
not  remain  too  long,  as  certain  qualities  of  benzine,  <&c., 
are  apt  to  leave  stains.  Dry  the  pieces  on  removing  them 
and  finish  by  passing  over  a  fine  brush  that  has  been  charged 
with  chalk  and  subsequently  rubbed  on  a  hard  crust  or  burnt 
bone ;  as  has  already  been  observed,  this  will  produce  a 
brilliant  surface  on  either  gilding  or  polished  brass. 

The  following  composition,  the  ingredients  of  which  can 
be  obtained  at  any  chemist's,  has  been  strongly  reconunended 
to  us  by  a  clever  watchmaker  : — 

90  parts  by  weight  of  refined  petroleum. 
25     .,  „  sulphuric  ether. 

The  objects  are  immersed  for  several  minutes  ;  indeed,  they 
may  remain  for  a  longer  period  without  danger,  and  on 
removal  from  the  bath  are  found  to  be  clean  and  bright. 

It  must  not  be  forgotten  that  many  of  these  essences 
are  liable  to  ignite  with  the  mere  proximity  of  a  lamp. 

PUTTING   THE   WATCH    TOGETHER   AND    FIXING     - 

IN    CASE. 

526.  The  three  following  rules  must  be  observed  in 
arranging  a  system  of  putting  the  watch  together  :  (1)  avoid 
taking  up  the  same  piece  two  or  more  times;  (2)  hold  it  lightly, 
as  any  pressure  wiU  produce  a  mark ;  (3)  keep  it  as  short  a 
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time  as  possible  in  the  fingers.  Any  linen  rags  nsedmnst  be 
&ee  from  flnff,  bnt  rags  of  all  kinds  shonid  as  far  as  possible 
be  replaced  by  certain  kinds  of  tissue  paper.  The  best 
kind  will  be  that  which,  while  securing  a  given  degree  of 
pliability,  will  best  prevent  heat  and  moisture  from  passing 
through.  Blue-shaded  tissue  paper  should  be  avoided  as 
it  is  often  found  to  encourage  the  formation  of  rust  on  steel- 
work. 

527.  The  following  order  is  adopted  by  some  excellent 
watchmakers  in  putting  together  the  ordinary  form  of  Geneva 
watch  :  it  may  be  adopted  exactly  or  modified  as  experience 
dictates. 

Commence  by  putting  the  several  parts  of  the  barrel 
together,  attaching  it  to  the  bar  and  observing  the  direc- 
tions given  farther  on  (531)  in  regard  to  the  distribution 
of  oil.  Owing  to  the  position  of  the  stop-finger,  it  is  some- 
times found  that  the  mainspring  must  be  set  up  either 
one-quarter  or  three-quarters  of  a  turn.  Very  often  one 
quarter  is  not  sufficient,  and  in  such  cases  it  is  necessary, 
before  putting  together,  to  ascertain  that  the  spring  admits 
of  at  least  5  or  6^  turns  in  the  barrel.  If  it  will  not  allow 
this  amount,  and  yet  has  to  be  set  up  three-quarters  of  a  turn, 
too  great  a  strain  will  come  upon  the  eye  of  the  spring  in 
winding.  (See  page  677  of  the  Treatise  on  Modem  Horology.) 

Fix  the  chariot  with  its  endstone  on  the  under  side  of  the 
plate. 

Eeplace  the  fourth  wheel,  making  sure  that  it  is  free  and 
has  no  more  than  the  requisite  endshake  and  is  upright. 
Then  the  escape-wheel,  testing  it  in  a  similar  manner.  See 
that  the  teeth  have  sufficient  freedom  on  both  sides  of  the 
cock  passage,  then  make  the  two  wheels  run  together  with  a 
pair  of  tweezers  or  pegwood  in  all  positions  of  the  plate  to 
make  sure  of  everything  being  free. 

528,  After  attaching  the  index  and.  endstone  to  the 
balance-cock  and  the  balance-spring  to  the  balance  (observing 
that  the  centre  of  the  stud  is  against  the  dot  on  the  balance 
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rim),  place  some  oil  in  both  the  balance  pivot-holes  (533)  ? 
adjnst  the  balance  to  the  cock  after  placing  a  drop  of  oil  in  the 
cylinder  (though  a  much  better  plan  is  that  given  in  article 
533)>  and  set  in  position  on  the  plate.  Some  workmen  apply 
a  drop  of  oil  to  the  top  of  the  escape-wheel  pivot-hole  before 
setting  the  balance-cock  in  its  place,  but  others  prefer  onlj 
to  add  the  oil  after  the  escapement  has  been  tested. 

Placing  a  small  piece  of  paper  first  between  the  balance 
and  cock,  and  then  between  the  balance  and  plate,  ascertain 
whether  the  escape-wheel  occupies  its  correct  position  in? 
reference  to  the  cylinder,  in  order  that  the  escapement  maj 
act  properly.  This  test  is  especially  necessary  in  dealing- 
with  very  thin  watches  or  those  in  which  the  cylinder 
banking  slot  is  exceptionally  narrow. 

The  barrel  bar  is  now  fixed  to  the  plate. 

529.  Set  the  third  wheel  in  its  place,  and  lastly  the 
centre  wheel,  after  putting  a  little  oil  on  the  shoulder  of 
its  bottom  pivot.  Before  putting  the  bar  over  it,  apply 
oil  to  the  top  pivot  in  a  similar  manner;  then  screw 
it  down.  Aftier  this  is  done  screw  on  the  third  wheel 
cock. 

Now  apply  a  small  quantity  of  oil  to  the  two  centre 
pivots  and  very  lightly  to  the  others  that  hare  not  already 
been  oiled  ;  give  a  turn  to  the  key  and  listen  to  the  tick  of 
the  watch  in  all  positions.  This  should  always  be  done 
before  replacing  it  in  the  case. 

After  passing  the  slightly-oiled  set-hands  arbor  through 
the  centre  pinion,  and  adapting  the  cannon-pinion  to  it& 
end,  reverse  the  watch,  passing  the  end  of  the  centre  arbor 
through  a  hole  in  the  riveting  stake,  so  that  the  watch  is 
supported  on  the  end  of  the  cannon  pinion ;  a  light  blow  of  the 
hammer  on  the  square  end  of  this  arbor  will  then  suflSce  to 
drive  the  cannon-pinion  home.  Some  do  this  before  replacing^ 
the  movement  in  its  case,  and  some  after. 

Add  a  little  oil  to  such  pivots  as  have  not  already  received 
enough,  and  fix  in  their  places  the  remaining  parts  of  the 
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motion  work,  the  dial  and  hands:   the  watch  then  only 
requires  to  be  timed. 

Precautions  to  be  observed  in  applying  oil. 

530.  The  method  of  distributing  and  applying  the  oil  is 
of  more  importance  than  might  be  thought,  and  has  a  very 
marked  influence  on  both  the  time  of  going  and  the  rate. 

Oil  that  is  very  fluid  may  be  used  for  the  escapement  and 
fine  pivots  where  only  a  small  quantity  is  needed  and  the 
pressure  is  slight ;  but  it  is  not  suitable  in  other  places  on 
account  of  its  tendency  to  spread  and  thus  to  leave  the 
rubbing  surfaces. 

If  too  much  oil  is  applied  the  effect  is  the  same  as  if  there 
had  been  too  little  ;  it  runs  away  and  only  a  minute  quantity 
is  left  where  it  is  wanted.  For  an  account  of  the  various 
kinds  of  oil  see  articles  157 — 9. 

531.  Barrel. — It  is  not  enough  to  apply  oil  to  the  coils 
of  the  spring  ;  some  must  also  be  placed  on  the  bottom  of 
the  barrel  Before  putting  on  the  cover,  moisten  the  shoulder 
of  the  arbor-nut  that  comes  in  contact  with  it  with  oil :  bv 
doing  so,  when  oil  is  applied  to  the  pivot,  after  the  cover  is 
in  its  place,  this  oil  will  be  retained  at  the  centre  of  the  boss 
in  the  cover.  Moreover,  it  will  not  then  be  drawn  away  by 
the  finger  piece,  passing  from  this  to  the  star-wheel. 

The  oil  applied  to  the  upper  surface  of  the  ratchet  to 
reduce  its  friction  against  the  cap  must  not  be  in  such 
quantity  as  to  spread  on  to  the  winding  square.  It  is  a  good 
plan  to  round  off  the  lower  comer  of  this  cover. 

532.  Centre-wheel.  —  The  observation  made  above  in 
reference  to  the  oil  applied  to  the  barrel  cover  may  be 
repeated  here.  By  proceeding  as  explained  in  article  529, 
and  adopting  the  precautions  mentioned  at  the  end  of  article 
518,  it  is  possible  to  make  sure  of  the  pivots  lasting  for  a 
long  period. 

533.  Escapement  pivots :  Cylinder. — ^When  the  drop  of 
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oil  is  introduced  into  the  oil-cup  of  the  balance  pivot-hole, 
insert  a  very  fine  pegwood  point,  so  as  to  cause  the  descent 
of  the  oil ;  a  small  additional  quantity  may  then  be  applied 
When  this  precaution  is  not  taken,  it  frequently  happens 
that  in  inserting  the  balance  pivot  its  conical  shoidder  draws 
away  some  of  the  oil,  and  there  is  a  deficiency  both  in  the 
hole  and  on  the  endstone. 

As  has  been  already  noticed  (528),  some  workmen  place 
a  single  drop  of  oil  within  the  cylinder,  and  when  the  escape- 
wheel  advances  each  tooth  takes  some  up.  This  method  is 
unsatisfactory,  because  the  earUer  teeth  receive  such  a 
quantity  of  oil  that  it  runs  down  the  pillars  where  it  is  useless 
and  merely  tends  to  increase  the  weight  of  the  wheel.  A 
much  better  plan  is  to  put  a]  very  small  quantity  in  the 
cylinder  and  on  the  flat  of  each  tooth  or  every  second  or 
third  tooth.  It  will  thus  be  evenly  distributed,  and  will  not 
tend  to  flow  away. 

The  escape-wheel  pivots  require  but  a  small  quantity  of 
oiL  It  often  happens,  however,  that,  owing  to  carelessness, 
the  workmen  applies  too  much,  and  it  runs  down  to  the 
pinion.  The  leaves  will  thus  become  greasy  and  stick  while 
the  pivots  are  running  dry. 

TO    EXAMINE   AN    ENGLISH    MOVEMENT. 

534.  As  has  been  already  observed  in  article  510,  many 
of  the  remarks  made  in  speaking  of  the  Geneva  movement 
are  equally  applicable  to  that  of  English  construction,  and 
any  intelligent  watchmaker,  on  reading  articles  507 — 520, 
will  be  able  to  select  for  himself  whatever  has  a  bearing  on 
the  English  watch  without  diflBlculty.  It  will  be  well,  how- 
ever, to  supplement  it  by  the  special  directions  contained  in 
the  four  following  articles  : — * 

535.  Case,  glass,  dial,  cap,  dome.— In  addition  to  the 

*  Horological  Journal,  Vol.  XXTV.  (1881),  p.  19. 
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points  specified  in  articles  508 — 9,  the  following  require 
attention.  See  that  the  position  of  dial  is  not  altered  by 
closing  down  the  bezel,  that  the  ftisee  dust-cap  does  not 
touch  the  dome  or  cap  ;  and  that  the  diamond  endstone  or 
other  jewelling  of  the  balance-cock  is  free  of  the  case.  In 
J-plate  watches  the  chain  is  occasionally  found  to  rub 
against  the  edge  of  the  case,  or  the  top-plate  to  press  against 
the  bottom  edge  of  the  same,  causing  the  train  to  bind. 
See  that  the  balance  and  chain  and  the  fiisee  great  wheel 
are  free  of  the  cap  where  one  exists :  the  chain  is  especially 
liable  to  rub  after  the  breaking  of  a  strong  spring,  which 
may  cause  the  barrel  to  bulge,  when  it  may  also  rub  against 
the  potence.  Ascertain  that  none  of  the  dial-plate  feet  or 
pins  touch  the  train,  that  the  hour  wheel  is  clear  of  the 
third  and  fourth  wheel  bar,  and  the  minute  wheel  out  of 
contact  with  the  dial-plate  and  not  pressed  by  the  dial. 
See  that  the  third  wheel  is  free  in  its  hollow,  and  that  the 
balance,  more  especially  in  oversprung  watches,  is  clear  of 
the  barrel. 

536.  Movement. — The  regulator  or  index  must  be 
tested,  especially  in  watches  that  are  undersprung,  at  several 
points  between  "  fast "  and  "  slow,"  to  see  that  it  nowhere 
approaches  too  near  to  the  spring,  is  held  with  sufficient 
firmness,  and  that  it  never  comes  near  enough  to  the  guard 
pin  for  contact  to  occur.  See  that  the  potence  screw  and 
steady-pins  do  not  project,  and  that  the  barrel  does  not 
touch  the  name-plate,  balance-cock,  top-plate  hollowing  or 
great  wheel. 

Before  taking  off  the  top-plate,  notice  the  position  of  the 
detent  in  the  steel  wheel,  and  the  amount  of  its  endshake  ; 
the  wear  of  the  holes,  and  freedom  of  the  train  wheels ;  the 
position  of  the  third  pinion  with  respect  to  the  centre  wheel, 
and  that  of  the  escape  wheel  to  the  lever :  see  that  the 
banking  pins  are  not  loose  or  bent ;  that  the  guard  pin, 
which  protects  the  balance  staff  when  the  chain  breaks,  is 
near  enough  to  the  barrel  and  the  potence.    When  the  watch 
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is  taken  to  pieces^  any  loose  pillars  or  joints  mnst  be 
secured^  pivots  examined  to  see  whether  worn  or  bent^  and 
those  working  on  endstones  that  thej  come  through  the 
holes.  The  fourth  wheel  pinion  mnst  be  free  in  the  hollow 
of  the  pfllar  plate  and  the  centre  wheel  in  its  hollow ;  a 
similar  examination  also  mnst  be  made  of  the  collet  and 
pin  which  secure  the  great  wheel  to  the  fusee.  If  a  chain 
is  broken  near  the  barrel  end^  the  stopwork  is  probablj 
defective  or  the  spring  too  strong. 

The  following  fkults  may  be  met  with  in  the  English 
stopwork.  The  stop  may  come  opposite  the  fusee  snail  too 
soon  or  too  late^  allowing  one  turn  too  few  or  too  many  of 
the  fusee ;  or  the  back  of  the  snail  may  butt  against  the 
stop^  and  thus  stop  the  watch  after  going  for  a  few  hours* 
Overwinding  sometimes  occurs  in  consequence  of  the  stop- 
spring  being  locked  between  the  shoulder  of  the  stop  and 
its  brass  stud ;  and  the  blade  of  the  snail  or  the  end  of  the 
stop  may  be  worn  or  bent  in  cleaning. 

In  f-plate  fasee  watches^  sec  that  the  balance  does  not 
come  too  near  to  the  fusee,  fourth  wheel,  centre  wheel,  and 
sometimes  the  escape-wheeL  It  is  to  be  observed  that  the 
breaking  of  a  mainspring  sometimes  causes  certain  teeth  of 
the  great  wheel  to  be  strained. 

637.  Escapement. — ^Very  full  details  in  regard  to  the 
method  of  examining  a  lever  escapement,  as  well  as  of  the 
causes  of  stoppage  and  variation  in  connection  with  it,  will 
be  found  at  pages  463 — 470  of  the  Treatise  on  Modem 
Horology,  It  may  be  well  to  note  the  few  following  parti- 
culars that  should  always  be  attended  to.  See  that  ruby- 
pin  and  pallet  stones  are  firmly  set,  that  neither  pallets 
nor  roller  is  loose  on  its  staff,  and  that  the  lever  and  pallets, 
are  rigidly  fixed  together.  The  guard-pin  must  be  firm, 
the  balance  well  riveted  to  its  collet,  the  spring  collet 
sufficiently  tight  and  the  curb  pins  firm.  If  there  is  a 
compensation  balance,  ascertain  that  each  screw  is  tight. 
The  precautions  to  be  observed  in  regard  to  the  balance- 
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spring  are  given  in  article  513  (see  also  articles  655 — 
666). 

538.  Keyless  work. — So  great  a  variety  of  arrange- 
ments of  the  mechanism  for  winding  watches  at  the  pendant 
is  met  with  at  the  present  day  that  it  wonld  be  impossible 
to  give  detailed  directions  in  regard  to  their  examination  ; 
the  following  general  remarks,  however — mainly  taken  from 
the  work  of  M.  A.  Phihppe  on  Keyless  Watches* — will  be 
found  of  value  in  directing  attention  to  the  points  which 
most  require  it,  and  will  suffice  for  any  intelligent  work- 
man. It  should  be  observed  at  the  outset,  however,  that 
the  adjustment  of  keyless  work  is  almost  entirely  a  question 
of  depths,  and  the  workman  who  has  thoroughly  mastered 
this  subject  as  explained  in  the  Treatise  on  Modern  Horology , 
(see  also  articles  628 — 637  in  this  volume)  will  rarely 
experience  any  difficulty  in  deahng  with  keyless  mechanism. 

Carefully  observe  each  depth,  &c.,  in  succession,  to  make 
sure  that  no  prejudicial  friction  occurs  either  between 
teeth  or  by  contiguous  parts  coming  in  contact.  All 
springs  should  act  solely  in  the  direction  in  which  pressure 
is  required  of  them.  Special  attention  should  be  given  to 
the  intermediate  steel  wheel  for  communicating  motion  to 
the  cannon-pinion,  when  this  exists,  as  it  is  permanently  in 
gear  with  the  train,  so  that  any  unevenness  of  the  depth 
will  affect  the  rate:  if  the  minute  wheel  have  too  much  end- 
shake  or  play  on  its  stud,  it  is  apt  to  ride  on  the  inter- 
mediate steel  wheel.  The  friction  of  the  cannon-pinion  on 
the  set-hands  arbor  must  not  be  excessive,  since  it  would 
involve  too  great  a  strain  on  the  teeth  of  the  minute  wheel, 
nor  too  slight,  since  the  hands  would  be  liable  to  be  displaced 
on  releasing  the  set-hands  stud.  If  the  intermediate  wheel 
has  too  much  endshake,  limit  this  by  an  excentric  screw 
overlapping  its  edge. 

Test  the  spring  of  the  set-hands  stud,  to  see  that  it  is  not 

•  Les  Montrea  sans  Clefs  (Geneya). 
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too  strong  or  too  weak  and  that  it  moves  parallel  with  the 
plate.  Failnre  in  this  latter  particular  might  lead  to  its 
rising  on  to  the  roeking-har  or  other  piece  on  which  it  acts. 

The  winding  pinion  depth  mnst  be  examined  to  see  that 
it  is  neither  too  deep  nor  shallow.  A  method  of  correcting 
SDch  a  £uilt  is  given  in  article  637. 

The  set-hands  stnd-spring  mnst  be  strong  enough  to 
resist  any  accidental  pressore  on  the  stnd^  bnt,  on  the  other 
hand,  the  strength  mnst  not  be  excessive,  as  the  spring  will 
then  be  all  the  more  liable  to  break,  besides  causing  incon- 
venience when  setting  the  hands.  The  course  of  the  spring 
should  be  banked  at  the  point  which  gives  a  good  depth 
between  the  winding  and  intermediate  wheels.  The  minute- 
wheel  stud  must  be  firm  in  the  plate,  as  any  accidental  bind- 
ing might  otherwise  unscrew  it,  occasioning  the  breakage  of 
the  diaL  When  the  minute  hand  is  carried  by  the  set-hands 
arlxn*,  and  not  by  the  cannon  pinion,  care  is  necessary  in 
fitting  this  latter,  for  if  too  loose  it  will  rotate  in  setting  the 
hands  without  carrying  the  minute  hand  round,  and  the 
minute  and  hour  hand  will  cease  to  agree. 

It  is  important  that  attention  be  paid  to  the  application 
of  oil  to  keyless  work,  as,  in  its  absence,  rust  rapidly  forms, 
and  the  mechanism  becomes  bound.  Of  course,  all  bearing 
snr&oes,  such  as  the  interior  of  the  pendant,  intermediate 
and  minute  wheel  studs,  studs  or  screws  of  the  rocking  bar 
or  other  surfaces  on  which  wheels  rotate,  must  be  lubricafced ; 
an  equally  important  point  is  to  liberally  oil  the  teeth  of  the 
winding  pinion  and  the  bevel  or  crown  wheel  that  engages 
with  it.  The  application  of  a  little  oil  inside  and  outside 
the  cannon  pinion  must  not  be  forgotten. 
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TO   RAPIDLY    TIME  A  WATCH    OR  CLOCK. 

539.  Very  fall  explanations  are  given  in  the  Treatise  on 
Modem  Horology  as  to  the  mode  of  regulating  a  timekeeper 
by  counting  the  number  of  vibrations  (see  pages  235  to 
240  and  788  to  790),  and  reference  is  therein  made  to  the 
Vibration  Counter  which  will  be  found  described  in  article 
541.  Nevertheless,  it  seems  desirable  to  supplement  the 
information  there  given  by  further  details,  since  we  have 
observed  that,  either  from  want  of  patience  or  method,  many 
watchmakers  are  not  always  successful  in  counting  the 
vibrations. 

540.  To  practise  counting  vibrations.— At  the  outset 

it  is  to  be  observed  that  to  each  vibration  to  the  right  there 
corresponds  one  to  the  left,  so  that  it  is  only  necessary  to 
observe  those  in  one  direction,  or  else  to  count  one  for  each 

ft  ' 

two  impacts  of  the  escapement,  in  a  minute  (or  half-minute), 
in  order  to  ascertain  the  number  of  vibrations. 

14,400  vibrations  per  hour  correspond  to  4  per  second  ; 
that  is  240  per  minute,  or  1?0  per  half-minute,  and  the  half 
of  this  number  is  60. 

Similarly,  a  16,200  train  would  give  4J  vibrations  per 
second ;  or  270  in  a  minute,  the  half  of  which  number 
is  135. 

An  18,000  train  giving  5  vibrations  per  second  or  150 
per  half-minute,  would  count  75  in  this  interval  of  time. 

This  being  understood,  the  required  number  of  vibrations 
is  to  be  ascertained  as  follows  : — 

The  movement  is  placed  in  such  a  position  that  the  light 
is  reflected  from  an  arm  of  the  balance,  so  that,  by  reference 
to  some  fixed  point  (such  as  the  side  of  the  balance-cock, 
the  stud,  <&c.),  each  return  of  the  balance  can  be  noted  and 
counted.    A  very  little  practice  will  remove  any  difficulty 
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that  maj  be  experienced  in  doing  this.  When  the  requisite 
skill  has  been  acqoired^  one  can  listen  to  the  impacts  of  the 
escapement  while  continuing  to  count,  and  in  order  to 
determine  with  greater  ^icilitj  the  correspondence  of  the 
position  of  the  balance  with  successive  pairs  of  vibrations, 
close  the  eyes  from  time  to  time  while  still  counting.  On 
opening  them,  the  accuracy  of  the  coincidence  can  be  at  once 
tested  by  the  sight,  and,  with  a  little  patience,  it  is  possible 
to  count  the  double  vibrations  with  certainty  in  this  manner 
both  by  the  eye  and  ear  ;  it  is  only  necessary  when  nearing 
the  end  of  the  minute  or  half-minute  to  continue  counting 
aloud,  while  keeping  the  eye  on  the  regulator  :  for  the  ear 
wiU  guide  the  voice,  which  wiQ  thus  accurately  reflect  the 
motions  of  the  watch. 

The  above  explanations  will  be  sufficient  to  enable  any 
watchmaker  of  average  intelligence  to  acquire  the  power  of 
counting  vibrations,  either  in  the  manner  here  recommended 
or  by  modifying  it  in  any  manner  that  may  suit  his  tem- 
perament. This  power,  when  once  acquired,  will  be  of  very 
great  assistance  in  his  daily  work,  for  before  taking  a  watch 
to  pieces  that  requires  repair,  he  can  in  one  or  two  minutes 
ascertain  the  number  of  vibrations  it  should  make  ;  he  will 
thus  be  enabled  to  regulate  the  watch  almost  instantaneouslj 
when  the  necessary  repairs  have  been  completed.  We  would 
again  observe  that  the  main  point  is  to  educate  the  ear  to 
ignore  each  alternate  vibration,  and  thus  to  count  only  the 
intervals  of  the  balance  being  in  the  same  position  and  the 
same  phase  of  its  motion. 

541.  Vibration  counter. — Leclerre's  Vibration  Counter, 
to  which  reference  has  already  been  made,  is  shown  in 
figure  21.  B  is  a  ratchet-wheel  with  30  teeth,  mounted 
on  a  vertical  plate,  so  that  it  can  rotate  freely.  A  pawl,  v, 
prevents  its  movement  except  when  forced  forward  one 
tooth  at  a  time  by  depressing  the  spring  gathering-click,  p, 
a  finger  being  applied  to  the  button,  o,  each  time  the  word 
**  ten "  is  uttered.    The  number  of  teeth  advanced  thus 
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aflfords  a  record  of  the  vibrations  as  explained  at  page  237  of 
the  Treatise,  without  there  being  any  necessity  to  go  into 
higher  figures. 

542.  To  regulate  a  watch. — Place  the  movement  near 
to  a  regulator  or  watch  indicating  seconds,  in  such  a 
position  that  the  eye  can  easily  observe  the  .periodical  return 


Fig.  21. 

of  an  arm  of  the  balance  as  already  explained,  and  com- 
mence to  count,  always  starting  from  the  instant  at  which 
the  seconds  hand  points  to  zero.  Then  count  steadily  1,  2, 
3,  4,  &c.,  until  this  hand  reaches  30  seconds. 

Assume,  as  is  very  commonly  the  case,  that  the  balance 
should  make  18,000  vibrations  in  an  hour,  or  150  in  a 
half-minute,  and  that,  on  counting  its  vibrations,  we  find 
65  double  vibrations,  or  130  beats,  whereas  it  should  give 
150.  It  is  thus  20  beats  slow.  Advance  the  index,  and  repeat 
the  operation ;  and  so  on  till  the  regulation  is  effected. 

A  greater  degree  ef  accuracy  will  be  secured  by  counting 
for  a  longer  period,  say  one,  two,  or  three  minutes ; 
but  when  this  is  done,  it  is  advisable,  in  order  to  avoid 
confusion,  to  re-commence  at  one  after  each  30  or  50 
have  been  counted,  because  all  that  is  required  is  the  final 
deviation. 
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Remarks. — (1.)  All  men  are  not  equally  quick  of  per- 
ception, BO  that,  in  counting  and  uttering  the  word  one,  it 
will  be  found  to  correspond  with  the  end  of  the  first  beat 
in  the  case  of  some  observers,  and  its  commencement  with 
others.  By  practising  on  a  well  regulated  watch,  a  watch- 
maker can  determine  to  which  of  these  classes  he  belongs. 
If  to  the  second,  he  should  double  the  one  at  starting,  in 
other  words,  he  should  count  thus : — 

1, 1,  2,  3,  4,  5,  &c. 

(2.)  Advantage  may  be  taken  of  the  principle  of  the 
sounding-board  by  placing  the  watch  on  a  sonorous  body 
which  will  make  the  vibrations  louder,  or  by  placing  between 
the  plate  of  the  watch  and  the  ear  a  rod  that  is  a  good  con- 
ductor of  sound.  By  either  or  both  of  these  means,. the 
operation  is  rendered  very  easy,  especially  if  the  vibration 
counter  recording  the  tens  (541)  is  employed. 

543.  Another  method  of  regulating  a  watch.— When 

the  movement  is  in  going  order,  arrest  the  balance  and  make 
a  mark  with  rouge  on  one  arm  of  the  escape-wheel. 
Belease  the  balance  when  the  seconds  hand  of  the  regulator 
crosses  60.  Observing  the  number  of  revolutions  that 
should  be  made  by  the  escape-wheel  in  a  given  time  (it 
would  be  six  turns  per  minute  with  an  ordinary  18,000 
train),  count  its  revolutions  while  the  fourth  wheel  makes 
one  complete  turn ;  indeed,  even  this  counting  may  be 
avoided  by  making  a  rouge  mark  on  its  edge  where  it  corre- 
sponds with  the  mark  ah*eady  made  on  the  escape-wheel.  If 
sdfter  two  or  three  minutes  these  two  marks  are  found  to 
occupy  similar  positions  at  the  instant  the  seconds  hand  of 
the  regulator  crosses  60,  the  watch  is  to  time.  If  there  is 
any  difference  it  is  easy  to  ascertain  whether  this  indicates  a 
gain  or  a  loss,  and  the  index  is  moved  accordingly. 

644.  To  regulate  a  dock.— The  timing  of  timepieces 
by  counting  vibrations  is  much  more  easy  than  that  of 
watches. 
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Before  removing  the  pendnlnm  count  the  number  of  its 
vibrations  during  two  or  three  minutes.  This  time  will  be 
sufScient  to  afford  a  guide  in  regulating  the  clock  after  it 
has  been  repaired. 

If  the  suspension  has  been  damaged,  estimate  the  length 
of  the  pendulum  and  thence  its  number  of  vibrations  by 
means  of  the  Table  of  Lengths  of  the  Simple  Pendulum 
(Treatise  on  Modem  Horologi/,  pp.  817 — 819) ;  but  this 
will  only  afford  an  approximation. 

In  most  modem  timepieces  the  escape-wheel  makes  120 
revelations  in  an  hour,  or  two  in  a  minute  (634).  Hence 
we  have  two  modes  of  timing. 

(1.)  Having  made  a  light  mark  on  the  circumference  of 
this  wheel  opposite  to  a  fixed  point,  observe  if  the  coincidence 
is  maintained  after  intervals  of  two  or  three  minutes. 

(2.)  Multiply  the  number  of  the  escape-wheel  teeth  by  2, 
and  the  product  by  120.  This  gives  the  number  of 
oscillations  the  pendiQum  should  make  in  an  hour.  Thence 
deduce  the  number  it  should  make  in  two  minutes,  or  the 
number  per  minute  can  be  obtained  by  multiplying  the  first 
product  by  2,  and  it  only  remains  to  count  the  number 
actually  performed  in  any  definite  interval. 

545.  Quilmet's  Synchrometer. — ^The  object  of  this 

appliance  is  mentioned  at  page  790  of  the  Treatise.  When  a 
clock  is  to  time  its  pendulum  makes  a  certain  definite  number 
of  oscillations  per  minute,  dependent  on  the  train.  If, 
therefore,  before  taking  it  to  pieces  a  comparison  pendulum 
be  set  to  make  the  same  number  of  oscillations  as  that  of 
the  clock,  or  if  the  former  be  set  to  make  the  number  which 
the  train  shows  that  the  clock  pendulum  should  perform,  it 
can  be  used  as  a  term  of  comparison  for  setting  the  clock  to 
time  after  it  has  been  cleaned.  This  is  the  principle  on 
which  the  synchrometer  is  based.  A  pendulum  is  lightly 
supported  on  a  frame,  and  has  an  adjustable  rod  sliding  in  a 
tube,  and  graduated  so  that  it  can  be  firmly  set  without 
difficulty  to  give  the  various  periods  of  oscillation  commonly 
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met  with  in  timepieces.  The  pendulum  is  hung  freely 
without  any  train  to  drive  it,  and  continues  to  oscillate  for 
two  or  three  minutes,  quite  long  enough  to  ascertain  whether 
agreement  is  maintained  between  the  two  pendulums. 

546.  Other  methods  of  regulating  a  clock.— Various 

plans  have  been  recently  proposed  for  rapidly  timing  a  clock, 
all  based  upon  one  idea  :  namely,  the  temporary  addition  of 
a  seconds  hand  for  purposes  of  observation.  That  suggested 
by  M.  Jacomin  is  recommended  by  its  simplicity. 

Having  removed  the  pin  and  washer  that  maintain  the 
minute-hand  in  position  in  an  ordinary  timepiece,  replace 
them  by  a  light  brass  cap  that  can  be  fixed  by  a  screw  or  in 
any  convenient  manner,  so  that  a  fine  steel  pin  projecting 
from  it  shall  be  accurately  in  the  axis  of  the  minute  wheel. 
Part  of  a  watch  movement,  comprising  only  the  centre,  third 
and  fourth  wheels  with  seconds  hand  attached,  is  supported 
in  front  of  the  clock  dial,  so  that  this  pin  can  be  inserted 
in  place  of  the  set-hands  arbor,  and  it  is  evident  that,  if  the 
clock  is  to  time,  the  seconds  hand  should  perform  one  revolu- 
tion per  minute  as  it  will  form  part  of  the  clock  train.  The 
length  of  pendulum  must,  then,  be  varied  until  this  con- 
dition is  found  to  be  satisfied. 


TIMING    IN    POSITIONS. 

(Horizontal   and  VerticaL) 

547.  To  adjust  a  watch  so  that  it  has  the  same  rate  when 
placed  first  in  a  horizontal  and  then  in  a  vertical  position  is 
a  delicate  and  often  difficult  operation ;  thus  it  is  seldom 
found  to  be  properly  done  in  ordinary  watches.  We  would 
refer  the  reader  to  the  Treatise  on  Modem  Horology  for  in- 
formation concerning  this  subject.  Pages  234  and  788  have 
special  reference  to  watches  of  average  quality,  and  pages 
781  to  783  refer  to  high-class  work.    It  will  be  well  here  to 
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summarize  sach  of  the  directions  as  have  a  bearing  on 
every-day  work. 

The  rates  in  a  rertical  and  horizontal  position  are  made 
identical  or  nearly  so  by  equalizing  the  resistances  that 
interfere  with  the  motion  of  the  balance  in  the  two  cases, 
and  by  taking  advantage  of  the  displacement  of  the  centre 
of  gravity  of  the  balance-spring. 

Satisfactory  results  will  be  obtained  in  most  cases  by 
employing  the  following  methods,  either  separately,  or  two  or 
more  together,  according  to  the  results  of  experiments  or  the 
rates,  the  experience  and  the  judgment  of  the  workman  : — 

(1.)  Flatten  slightly  the  ends  of  the  balance  pivots  so  as 
to  increase  their  radii  of  friction  ;  when  the  watch  is  lying 
flat  the  friction  will  thus  become  greater. 

(2.)  Let  the  thickness  of  the  jewel-holes  be  no  more  than 
is  absolutely  necessary.  It  is  sometimes  thought  sufficient 
to  chamfer  the  jewel-hole  so  as  to  reduce  the  surface  on 
which  friction  occurs  ;  but  this  does  not  quite  meet  the  case 
since  an  appreciable  column  of  oil  is  maintained  against  the 
pivot. 

(3.)  Reduce  the  diameters  of  the  pivots,  of  course 
changing  the  jewel-holes.  The  resistance  due  to  friction, 
when  the  watch  is  vertical,  increases  rapidly  with  any 
increase  in  the  diameters  of  pivots. 

(4.)  Let  the  balance-spring  be  accurately  centred,  or  it 
must  usually  be  so  placed  that  the  lateral  pull  tends  to  liffc 
the  balance  when  the  watch  is  hanging  vertical  In  this  and 
the  next  succeeding  case  it  would  sometimes  be  advantageous 
to  be  able  to  change  the  point  at  which  it  is  fixed ;  but  this 
is  seldom  possible. 

(5.)  Replace  the  balance-spring  by  one  that  is  longer  or 
shorter  but  of  the  same  strength  ;  this  is  with  a  view  to 
increase  or  diminish  the,  lateral  pressure,  in  accordance  with 
the  explanation  given  in  the  last  paragraph. 

(6.)  Set  the  escapement  so  that  the  strongest  impulse 
corresponds  with  the  greatest  resistance  of  the  balance. 
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(7.)  Beplace  the  balance.  A  balance  that  is  mnch  too 
heavy  renders  the  timing  for  position  impossible. 

(8.)  Lastly,  when  these  methods  are  inapplicable  or 
insufficient,  there  only  remains  the  very  common  practice  of 
setting  the  balance  ''out  of  poise." 

If  there  is  a  gain  in  the  vertical  hanging  position  of  the 
watch,  slightly  reduce  the  lower  side  of  the  balance ;  the 
oscillation  will  increase  somewhat  in  extent,  and  there  will 
be  a  losing  rate  in  this  position. 

The  converse  must  be  done  in  the  opposite  case. 

When  the  vibration  exceeds  a  whole  turn,  the  changes 
will  be  the  reverse  of  those  above  indicated.  This  &ct  must 
not  be  forgotten,  especially  in  regard  to  the  duplex  and  lever 
escapements,  which  may  at  first  make  a  vibration  of  more 
than  a  turn,  and  subsequently  less,  according  to  the  state  of 
the  oil. 

We  would  again  observe  that  the  timing  of  a  watch  for 
position  presents  some  difficulty,  and  it  will  only  be  after 
making  a  number  of  trials  and  studying  the  articles  already 
quoted,  that  the  watchmaker  will  be  able  to  accomplish  it 
with  certainty. 

Note  on  the  proportions  of  balances. 

548.  Two  very  important  elements  in  the  timing  are  the 
weight  and  dimensions  of  the  balance ;  it  is,  then,  necessary 
that  a  watchmaker  should  practise  himself  in  observing  their 
relative  values,  and  the  effect  of  increasing  one  at  the 
expense  of  the  other  on  timing,  and  more  especially  on 
timing  for  positions. 

The  smsihility  of  a  balance  to  variations  in  the  motive 
force,  and  the  time  that  elapses  between  the  initial  short 
vibration  and  the  first  that  is  of  normal  extent,  a  time  that 
is  approximately  constant,  will  serve  as  criteria.  A  balance 
that  is  very  sensitive  to  variations  in  the  motive  force  is 
generally  too  small ;  and  one  that  attains  to  the  normal  arc 
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of  vibration  almost  instantaneonslj,  is,  as  a  role,  too  light. 
The  converse  effects  would  indicate  that  the  size  and  weight 
were  excessive. 

In  order  that  he  may  be  able  to  practically  apply  these 
remarks,  the  workman  should  gain  experience  by  making 
observations  on  several  watches  whose  rate  is  known  to  be 
good,  in  the  following  manner.  In  regard  to  weight: 
Stop  the  balance  at  the  position  of  rest  of  its  spring,  then 
release  it  and  count  the  number  of  vibrations  up  to  the 
point  at  which  the  normal  arc  is  attained ;  the  extent  of  this 
must  have  been  previously  recorded  on  the  plate  with  rouge 
marks.  Becord  the  number  thus  obtained  in  a  table  opposite 
to  the  dimensions  of  the  balance,  and,  by  comparing  these 
dimensions  with  those  of  another  balance  of  equal  size,  the 
weight  can  be  ascertained  and  also  recorded.  In  regard  to 
size :  Pass  through  the  centre  pinion  a  kind  of  short  screw 
arbor  carrying  a  large  thin  ferrule,  on  which  a  cord  support- 
ing a  weight  is  coiled.  Fixing  the  movement  in  a  move- 
ment-holder, set  it  in  a  vertical  plane  and  observe  the 
extent  of  the  vibrations  of  the  balance  with  different  weights 
attached  to  the  cord.  These  arcs  should  also  be  recorded 
in  the  table  opposite  to  the  dimensions  of  the  balance. 

With  sufficient  practice  the  watchmaker  will  be  enabled  to 
judge  at  a  glance  whether  the  weight  and  size  are  well 
proportioned.  (See  the  Treatise  on  Modem  Horology ,  pp. 
240—243  and  719.) 

TO   DE-MAQNETIZE  THE  STEEL-WORK  OF  A  WATCH. 

549.  The  following  method  of  removing  the  magnetism 
from  a  watch  that  has  been  accidentally  brought  under  the 
influence  of  a  powerful  magnet  is  proposed  by  Professor  A.  L. 
Mayer  in  the  Scientific  American*  to  which  the  reader  who 
is  desirous  of  obtaining  complete  details  must  be  referred. 

♦  Seientifie  American,  Vol.  XLI.  (1870),  p.  227. 
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We  aiiaU  not  here  enter  more  folly  into  the  sabject  than  is 
neceeaary  to  indicate  the  manner  in  which  a  watchmaker 
may  restore  the  steel-work  to  its  original  condition. 

Take  a  delicately  snapended  magnetic  needle,  say  a 
mariner's  compass,  the  length  of  which  is  abont  equal  to  the 
diamet«r  of  the  watch,  and  lay  it  on  a  table.  Now  ]dace  the 
watch  to  be  operated  on,  which  shonld  not  be  going,  on  the 
table  close  to  the  needle  and  on  either  the  east  or  west  side 
of  it,  having  previously  tnmed  the  box  ronnd  until  the 
needle  pointe  to  zero.  Taking  core  not  to  vary  the 
distance  between  the  centres  of  the  watch  and  compass, 
observe  the  nnmber  of  gradnationa  to  which  the  north  end 
of  the  needle  is  deflected  with  each  figure  on  the  dial  brought 
in  soccession  nearest  to  the  compass  :  it  is  also  necessary  to 
note  whether  the  deflection  is  towards  the  east  or  west. 

For  example,  assume  that  the  watch  is  on  the  east  side, 
and  that,  with  noon  nearest  to  the  compass,  the  north  end 
of  the  needle  is  tnmed  12°  to  the  east,  that  is,  towards  the 
watch.  This  shows  that  some  point  in  the  watch  in  the 
neighbonrhood  of  the  nnmber  XII.  on  the  dial  poasesses 
what  is  known  as  "north  polarity,"  and  if  the  deflection 
had  been  to  the  west  the  polarity  would  have  been  "south." 

550.  To  take  an  example.  Let  the  resnita  of  a  series  of 
trials  with  the  several  houra  in  ancceesion  towards  the 
compass  be  as  given  in  the  following  table : — 
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It  will  be  seen  that  the  greatest  deflection  westward 
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ooireeponds  to  three  o'clock,  and,  in  the  easterly  direction, 
to  eleven  o'clock.  This  diows  that  the  strongest  aonth  and 
north  polarity  are  respectively  in  these  directions.  The 
fiist  thing  to  be  done  is,  then,  to  eliminate  this  particnkr 
magnetism.  Placing  a  bar  magnet  in  a  horizontal  direction, 
approach  the  iratch  to  its  sonth-seeking  end  in  such  a  manner 
that  a  line  X  X},  fig.  22,  through  the  axis  of  the  magnet, 
will  pass  throi^  the  centre  c  of  the  watch,  the  figure  XI, 
which  miu'ks  the  point  of  extreme  north  polarity,  being 
nearest  to  the  bar  magnet.    Now  canse  the  watch  to  oscillate 


Fio.  22. 


eo  that  it  alternately  takes  np  the  two  positions  a  and  B, 
and,  when  this  has  been  several  times  repeated,  bring  III 
in  a  simihtf  manner  near  the  north-seeking  pole  of  the  bar 
magnet,  oscillating  the  watch  in  the  same  way.  Again  try 
the  watch  with  the  compass,  repeating  the  above  operations 
if  necessary  until  the  readings  are  somewhat  as  fellows :— 
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plate,  so  that  it  can  be  centred  and  finished.  Smooth  the 
exposed  face^with^a  well-set  cntter  (396 — 8),  and  turn  the 
inside  and  outside  of  the  edge  ;  then  make  sure  that  the  whole 
is  concentric  by  a  light  cut  with  a  cylindrical  drill  in  the 
central  hole.  After  removing  and  cleaning  the  plate  it  is 
set  up  in  the  dogs,  and  the  face  that  has  hitherto  been 
untouched  is  gently  dressed  with  the  graver. 

There  will  thus  be  left  a  narrow  ring  at  the  edge  that  is 
not  touched  by  the  graver  :  this  may  be  levelled  with  a  smooth- 
cut  file,  and  the  whole  surface  then  smoothed  as  explained  in 
article  171. 

If  a  mandril  or  lathe  is  not  available,  the  plate  must  be 
cemented  to  an  arbor  of  the  form  shown  at  y,  fig.  3,  plate  IV. 
The  heel  of  this  is  received  in  a  runner  of  the  ordinary  turns, 
while  the  point  of  the  opposite  runner  is  received  by  the  hole 
in  the  centre  of  the  plate,  which  is  thereby  held  in  close 
contact  with  the  plate  of  y,  the  revolution  being,  of  course, 
produced  by  a  bow.  While  the  cement  is  still  hot,  a  stick 
resting  on  the  J-rest  will  serve  to  ensure  the  concentricity 
of  the  plate  until  it  is  set ;  and  this  setting  may  be  rendered 
more  rapid  by  the  application  of  cold  water. 

Turn  out  the  plate  with  a  hooked  graver  made  of  a  worn- 
out  file,  and,  if  the  upper  or  under  side  does  not  run  true, 
turn  the  portion  that  projects  beyond  the  chuck  with  a 
graver,  and,  when  the  plate  is  removed,  face  the  surface, 
taking  the  flat  ring  produced  by  the  graver  as  a  guide,  and 
taking  care  to  avoid  altering  any  portion  of  it. 

The  smaller  sinks  can  also  be  made  in  the  same  primitive 
manner,  to  which  we  have  only  drawn  attention  for  the 
sake  of  watchmakers  who  are  ill-provided  with  tools.  But 
we  would  at  the  same  time  point  out  that,  at  the  present 
day,  there  should  not  be  a  single  one  who  does  not  know 
how  to  extemporize  a  lathe-head  or  to  use  the  mandril. 

554.  Cocks  and  bars. — ^If  it  is  required  to  make  all  the 
cocks  and  bars  of  a  watch,  prepare  a  false  plate,  the  thick- 
ness of  which  is  a  trifle  greater  than  that  of  the  highest 
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cock  or  bar;  then  tnm  on  the  under  side  a  series  of  sinks  to 
correspond  with  the  thin  portions  of  the  cocks  and  bars. 
Cnt  the  several  parts  ont  of  this  plate  with  a  fine  saw,  and 
it  only  remains  to  shape  their  contours  with  a  file. 

The  same  method  may  be  adopted  if   a   number  of 
identical  cocks  have  to  be  made  at  a  time. 


THE    BARREL, 

Including  arbor,  stopwork,  mainspring,  &c. 

555.  To  make  a  barrel. — Having  trued  both  faces  of 
the  brass,  and  drilled  a  central  hole  rather  less  than  that 
finally  required  and  exactly  perpendicular  to  the  faces,  turn 
away  the  brass  from  the  inside  (leaving  a  considerable 
excess  of  metal  at  the  centre  to  form  the  shoulder),  and  form 
the  ring  on  which  the  teeth  are  to  be  cut,  if  it  is  a  going- 
barrel,  either  in  the  ordinary  lathe  on  a  wax-chuck  or  in 
the  mandril.  Then  fasten  the  plane  surface,  which  must  be 
quite  true,  to  a  smooth  plate  that  is  of  uniform  thickness 
and  has  a  hole  in  the  centre  to  permit  the  passage  of  the 
pump-centre.  Having  fixed  the  plate  by  the  mandril  dogs, 
finish  with  well-set  gravers  (39& — 8)  :  (1)  the  inside  ;  (2) 
the  external  cyhndrical  surface  both  of  the  barrel  and  of  the 
ring  left  for  teeth;  (3)  the  barrel-cover  groove ;  and  (4)  with 
a  fine-pointed  cutter  slightly  enlarge  the  central  hole.  By 
this  means  it  is  possible  to  ensure  that  the  barrel  wiU  turn 
true  and  in  the  flat.  Smooth  the  inside,  more  especially 
the  groove,  the  comer  of  which  must  always  be  carefully 
smoothed  and  polished. 

The  cutting  of  the  recess  in  the  barrel-cover  (of  a  Swiss 
or  French  watch)  that  gives  freedom  to  the  motion  work, 
as  well  as  the  recesses  for  the  stopwork,  will  not  present  any 
difficulty  when  the  workman  is  provided  with  a  mandril 
with  or  without  a  slide-rest,  or  an  ordinary  pa^  of  turns 
with  lathe-head. 
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When  there  is  no  slide-rest,  the  tool  shown  at  D,  fig.  17, 
plate  VIII.,  can  be  used  for  making  the  groove.  A  slzip  of 
metal  of  rectangular  section  has  a  small  cutter  clamped  in  a 
slot  in  its  surface  at  a  slight  inclination.  By  releasing  ihe 
two  screws  of  the  clamp,  this  cutter  can  be  advanced  to  any 
required  extent,  and  in  the  strip  of  metal  are  two  or  tluee 
slots  having  different  degrees  of  inclination,  so  that  the  one 
can  be  selected  that  corresponds  with  the  depth  of  the 
groove. 

556.  A  workman  that  is  unprovided  with  a  mandril  on 
make  a  barrel  as  follows  in  the  turns.  Place  a  diBC  of 
well-hammered  brass  on  a  short  arbor  that  is  provided  with 
a  ferrule  of  large  diameter ;  turn  the  two  faces  true  to  eadi 
other  and  make  the  outer  cylindrical  surface  square  to  theft 
faces.  Now  rough  out  the  barrel  internally  as  well  » 
externally,  taking  care  to  leave  an  excess  of  metal  over  ths 
entire  surface,  and  using  the  ordinary  and  the  hooked  graren 
(323)  as  required ;  but  a  ring  of  metal  must  be  left  it 
the  centre  rather  less  than  a  third  of  the  internal  diAmeter 
of  the  barrel  and  of  the  same  thickness  as  the  origiml 
brass,  so  that  the  barrel  may  be  always  replaced  true  on  the 
arbor. 

Now  remove  the  barrel  from  this  arbor,  smooth  its 
face  with  a  soft  stone  and  cement  the  face  to  a  wax  chuck  in 
the  lathe.  This  chuck  should  be  provided  with  a  short 
arbor  at  its  centre,  turned  true,  and  fitting  the  hole  in  the 
barrel  exactly.  It  will  then  be  easy  to  finish  the  inside  rf 
the  barrel  either  with  a  slide-rest,  or  with  a  hooked  graver> 
and  the  little  cutter  for  making  grooves  shown  in  fig.  17, 
plate  VIII.  If  necessary,  a  lathe  must  be  built  up  fix)ni  the 
dead-centre  turns  in  the  manner  explained  in  article  305« 
All  the  depths  can  be  determined  with  ease  by  means  of  the 
calliper  described  in  article  243. 

557.  To  make  the  star-wheel  sink.— This  is  easy  on 

the  mandril,  the  requisite  degree  of  excentricity  being  ff^^ 
to  the  barrel-cover  by  means  of  the  pump-centre.    In  it* 
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iMence,  proceed  in  the  manner  explained  for  making  the 
Nurel,  waxing  the  cover  to  a  flat  chnck  in  which  a  recess 
uus  been  made  to  receive  the  prominent  central  boss. 
?he  centring  can  of  course  be  done  as  usual  with  a  pegwood 
tick  held  against  the  rest  (405). 

558.  The  cover ;  form  of  the  groove.— As  in  making 

he  berrely  a  thick  ring  must  be  left  at  the  middle  of  the 
over  to  be  afterwards  removed.  After  adjusting  the  disc 
n  an  arbor,  which  is  just  large  enough  to  pass  through, 
be  cover  can,  in  the  absence  of  a  mandril,  be  made  entirely 
1  the  turns,  except  as  regards  the  star-wheel  sink  (557). 

Fig.  2,  plate  X.,  is  an  enlarged  figure  to  show  the  mode 
I  which  a  cover  is  held  in  its  groove.  The  two  are  so 
irmed  that  the  cover  shall  pass  into  the  recess  with  the 
Musfc  possible  resistance,  and  yet  be  held  firmly  without  a 
hdc  of  rotation.  It  is  nevertheless  a  good  precaution  to  fix 
pin  in  the  rim  so  that  it  shall  prevent  such  an  accident. 

559.  Barrel-hook. — It  is  necessary  io  observe  that  a 
ertain  amount  of  caution  must  be  exercised  in  regard  to 
be  barrel-hook,  for  at  least  three-quarters  of  those  met  with 
re  badly  made.  A  large  hook  projecting  far  into  the 
arrel,  as  often  occurs,  occupies  a  needless  amount  of  space, 

nd  at  times  occasions  the  breaking  of  the  spring.  One  that 
I  badly  formed  or  does  not  project  sufficiently  allows  the 
pring  to  escape.  A  hook  should  project  rather  beyond  the 
hickness  of  the  spring ;  if  too  thick  the  spring  will  be 
weakened  at  its  eye  ;  if  too  thin,  it  is  liable  to  give  when 
he  pull  of  the  mainspring  is  exerted  on  it. 

The  circumference  of  the  barrel  must  be  drilled  through 
xactly  midway  between  the  bottom  and  the  groove,  in  a 
jrection  that  is  slightly  inclined,  so  as  to  resist  the  pull  of 
he  mainspring.  A  thread  is  cut  in  this  hole  with  a  conical 
ap,  arresting  its  advance  just  before  the  fiill  threads  are 
eached,  in  order  to  make  sure  that  the  brass  screw  to  be 
ubsequently  inserted  shall  hold  firmly.  Then  tap  the  brass 
nre  £rom  which  a  hook  is  to  be  made.    Allowing  a  length 
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to  project  licyond  the  screw-plate  equal  to  about  one  and  s 
half  times  the  thickness  of  the  mainspring,  file  the  two  sides 
flat,  round  off  the  point,  inclining  it  slightly  backwards,  and 
form  the  hook  with  a  fine  screw-head  dittin^  or  other 
suitable  file  ;  then  remove  the  wire  from  the  screw-plate  and 
hold  it  in  a  pin-vice. 

The  angle  a  (c\  fig.  8,  plate  X.),  is  now  filed  down  so  as 
not  to  project  within  the  barrel ;  any  burr  that  might 
interfere  with  its  introduction  is  also  removed,  and  the  hook 
is  then  screwed  into  its  place.  It  will  be  easy  to  ascertain 
whether  the  various  heights,  &c.,  are  correct  before  screwing 
it  tight  home.  Then  screw  the  hook  into  position  so  that  it 
requires  the  application  of  some  force  in  doing  so,  and  cnt 
off  the  external  portion  level  with  the  surface  of  the  Ijarrel^ 
employing  a  sharp-cutting  file.  But  if  it  appears  necessary 
to  withdraw  the  hook  to  make  any  alteration,  this  should  be 
done  before  bringing  it  to  the  final  position. 

Some  watchmakers  do  not  take  such  precautions ;  they 
fit  a  piece  of  hard  brass  wire  to  the  hole,  bevelling  oflT  the 
end  that  is  to  form  the  hook  ;  then  cut  off  the  wire  nearly 
flush  with  the  outer  surface  of  the  drum,  and,  resting  tb^ 
back  of  the  hook  against  a  piece  of  steel,  give  a  blow  with 
the  hammer  so  as  to  bend  the  point  of  the  hook.  But  tbia 
method,  although  expeditious,  is  not  the  best,  and  it  does 
not  always  succeed. 

560.  To  repair  a  barrel. — ^When  the  bearing  shoulders 
are  neither  too  thick  nor  too  thin,  and  but  little  alteration 
is  required,  the  method  described  in  article  366  can  be 
resorted  to. 

When  the  play  or  the  endshake  of  the  pivots  is  considerable, 
bush  the  holes  with  bouchons  turned  on  a  smooth  taper 
arbor.  They  must  not  be  riveted  roughly  as  there  is  a 
danger  of  distorting  the  bouchon  or  of  causing  the  bottom 
of  the  barrel  to  ^^  cockle  **  (see  articles  624 — 5). 

If  there  is  any  fear  that  the  bouchon  will  be  thus  distorted 
or  that  the  barrel  will  not  run  true  after  the  operation,  it 
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will  be  well  to  employ  large  bonchons  in  which  the  hole  is 
less  than  that  ultimately  required.  Then  centre  from  the 
circumference  and  enlarge  the  hole^  at  the  same  time 
trueing  it  (411). 

Some  practical  watchmakers,  if  the  bottom  of  the  barrel  is 
thin,  or  if  special  solidity  is  requisite,  fear  that  the  bouchon 
may  become  loose  ;  they,  therefore,  enlarge  the  barrel-hole 
and  make  it  square  ;  then  bush  it  with  a  piece  of  plain 
brass,  and  having  centred  the  barrel  by  its  circumference  in 
the  mandril  or  lathe,  drill  a  central  hole. 

It  is  hardly  necessary  to  observe  that,  when  the  holes  in 
both  barrel  and  cover  require  to  be  operated  upon,  a  pin 
should  be  fixed  so  as  to  prevent  the  latter  from  rotating 
in  its  groove ;  so  that  before  finally  removing  the  barrel 
from  the  lathe,  the  cover  can  be  put  in  position  to  have  its 
centre  accurately  adjusted  with  a  long  pointed  graver. 

56L  A  barrel  that  does  not  run  true.— The  remedy 

for  this  has  just  been  indicated  :  enlarge  the  holes  and  rivet  in 
them  bonchons  that  are  either  plain  or  have  only  very  small 
holes.  The  two  holes  can  then  be  accurately  centred  with  a 
slide-rest  and  cutter  of  the  requisite  form. 

In  the  absence  of  a  mandril,  the  operation  can  b&"per- 
formed  in  an  ordinary  lathe,  either  usmg  a  wax  chuck  or  one 
in  which  a  recess  has  been  turned  of  such  a  size  as^to  just 
take  the  barrel. 

The  former  is  a  very  simple  method,  as  any  watch- 
maker can  build  up  a  suitable  lathe  for  himself  on  an 
ordinary  pair  of  dead-centre  turns  (see  article  305)  ;  and 
yet  there  are  some  workmen  who,  either  from  not  possessing  a 
mandril  or  ignorance  as  to  bow  it  should  be  used,  set  the 
barrel  on  a  screw-arbor,  and,  after  having  topped  the  teeth, 
round  by  hand  those  teeth  which  have  been  touched.  This 
method  of  procedure  is  longer  than  the  former  and  gives 
results  that  are  worse  :  moreover,  since  the  screw-arbors  are 
rarely  themselves  true,  especially  in  regard  to  the  cones 
which  will  be  found  to  have  a  play  on  the  axis,  it  is  &r  better 
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to  set  the  barrel  in  cement  on  an  arbor  of  the  form  c,  fig  1, 
plate  X,  on  the  centre-pin  of  which  the  barrel-hole  fits 
without  play ;  the  middle  of  the  plate  G  must  not  be  too 
thickly  coated  with  cement. 

562.  Barrel  out  of  upright. — Several  methods  may  be 
resorted  to  for  adjusting  a  barrel  that  does  not  tnm  flat  on 
its  axis.  Assume  that  the  holes  are  not  too  large,  for  it  has 
jnst  been  shown  that  by  bnshipg  the  holes  and  tmeing  them 
on  the  lathe,  it  is  always  possible  to  ensure  that  a  barrel  shall 
be  true  on  its  axis. 

To  true  it  without  renewing  the  holes,  first  try  turning  the 
cover  round  in  its  groove  by  successive  short  stipes,  and  test 
its  truth  each  time ;  the  arbor  being  clamped  in  a  pair  of 
sliding-tongs  and  a  card  held  close  to  the  teeth.  I^  after 
the  entire  circumference  has  been  thus  tested,  no  point  is 
found  that  satisfies  the  requisite  conditions,  the  edge  of  the 
cover  must  be  gently  hammered  (a  piece  of  silver  paper 
being  first  laid  on  the  anvil  so  as  to  avoid  nmrlring  the 
gilding)  on  the  side  at  which  the  teeth  pass  farthest  from 
the  card  and  the  effect  of  the  operationmust  be  tested.  This 
hammering  should  be  done  very  carefully  and  little  at  a  time, 
and  if  too  great  a  strain  is  put  on  the  cover  to  force  it  into  the 
groove,  some  metal  must  be  removed  from  the  side  opposite  to 
that  at  which  the  hammering  occurred.  Hence,  if  the  one  side  is 
too  much  extended  in  the  first  instance,  so  that  a  large 
amount  of  metal  has  to  be  removed  from  the  opposite  side, 
the  operation  is  liable  to  be  unnecessarily  long  and  difficult. 
It  is  hardly  necessary  to  observe  that  we  are  here  referring 
to  the  modem  form  of  going-barrel,  in  which  the  cover  is 
on  the  opposite  side  to  the  teeth ;  in  the  older  form,  where 
the  reverse  is  the  case,  the  opposite  edge  of  the  cover  must 
be  hammered. 

Sometimes  a  barrel  that  runs  true  on  its  arbor  is  found  to 
incline  when  mounted  on  the  plate :  such  a  &ult  is  due  either ' 
to  the  barrel  holes  being  too  large  or  to  the  sink  that  receives 
the  ratohet  not  being  parallel  to  the  plate.    This  sink  must 
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be  trued  in  the  mandril  while  in  position^  screwed  to  the 
plate  of  the  watch. 

For  the  method  to  be  adopted  in  enlarging  a  barrel-hole, 
maintaining  it  at  right  angles  to  the  top,  see  article  707* 

563.  To  adjust  a  post  or  curb  in  position. — ^Make  a 

small  punch,  a  front  and  side  elevation  of  which  are  shown 
at  p^Pf  fig.  5,  plate  X. ;  harden  it  and  let  down  to  a  yellow 
temper  at  the  point.  Now  fix  a  flattened  ball  of  lead  in  the 
vice,  the  upper  surface  of  which  is  so  formed  that  the  portion 
of  the  barrel  that  is  to  receive  the  hole  for  the  post  maj  rest 
securely.  There  is  no  necessity  for  the  entire  barrel  to 
rest  on  the  lead.  Place  a  small  piece  of  a  mainspring,  g, 
within  the  barrel  against  the  circumference,  where  it  will  be 
maintained  by  the  punch  p,  which  will  also  hold  the  barrel 
steady  on  the  lead  block.  Then  give  a  moderate  blow  with 
a  heavy  hammer  on  the  head  of  the  punch,  forcing  its  point 
through  the  barreL 

A  burr  will  be  produced  outside  the  barrel  while  there  will 
be  a  corresponding  depression  within,  especially  in  firont  of 
the  hole.  To  secure  clean  edges,  pass  a  file  over  the  external 
projection,  but  only  sufficiently  to  r^nove  its  crest,  and, 
resting  the  inside  of  the  barrel  on  a  lead  block,  drive  inwards 
the  metal  that  projects ;  then  pass  the  punch  through  in  a 
direction  opposite  to  the  first  and  of  course  with  less  force. 
Bemove  the  burrs  and  repeat  the  operation  first  on  one  side 
and  then  on  the  other  with  gentie  blows  of  the  hammer, 
removing  the  punch  by  hand.  Finish  with  a  very  fine  file, 
which  wUl  entirely  remove  any  external  burr  round  the  hole, 
and  one  cut  with  a  slide-rest  cutter  in  the  inside,  followed  by 
charcoal  and  oiL 

A  watchmaker  that  has  never  performed  this  operation 
will  do  well  to  experiment  with  the  punch  on  asmall  plate  of 
brass,  or,  still  better,  on  a  worn-out  bldreL 

To  insert  the  post,  coil  up  the  mainspring  in  the  winder  so 
as  to  be  able  to  introduce  a  slightly  conical  piece  of  steel  or 
brass  between  the  two  last  turns  of  the  spring  and  near  to  the 
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hole.  Place  the  post  in  position  and  hold  it  and  the  spring 
while  the  wedge  that  keeps  the  coils  apart  is  removed.  If 
the  opening  thns  secured  was  found  to  be  insufficient  it  mi^t 
be  increased  by  introducing  a  screwdriver,  which  is  held 
down  until  the  post  is  inserted.  The  making  of  this  curb, 
shown  at  J,  ^g.  5,  plate  X.,  will  offer  no  difficulty. 

564.  Stopwork. — If  the  pitch  circles  of  the  finger-pieoe 
and  star-wheel  of  several  Greneva  stops  be  measured,  it  wOl  be 
seen  that  three  different  proportions  may  exist  (fig.  12,  plate 
yill.)»  in  which  the  former  is  less  than,  equal  to,  and  greater 
than  the  latter  respectively. 

When  the  finger-piece  has  a  greater  diameter,  as  at  ^,  it 
wiU  oppose  an  increased  resistance  to  the  hand  in  winding, 
but  the  direction  of  its  pressure  against  the  stop  will  be 
much  below  the  centre  of  rotation  of  the  star-wheel,  because 
the  finger  is  necessarily  very  short. 

When  the  finger-piece  is  very  small,  as  at «,  there  will  be 
less  resistance  opposed  owing  to  any  want  of  freedom  of  tlie 
star-wheel,  and  the  pressure  against  the  stop  will  be  more^ 
nearly  tangential,  the  finger  being  relatively  long ;  but 
more  care  will  be  required  in  the  construction  and,  for  a' 
given  force  applied  to  the  key  in  winding,  there  will  be 
a  proportionately  increased  pressure  against  the  star-wheel 
axis. 

Inconveniences  thus  increase  in  proportion  as  either  piece' 
,  is  enlarged  as  compared  with  the  other,  and  the  best'  pro- 
portion is  secured  by  making  the  two  diameters  equal,  as 
shown  B.tcd. 

The  stud  on  which  the  star-wheel  rotates  should  be  c^t 
square,  or,  preferably,  slightly  conical  downwards. 

565.  To  true  a  star-wheel.— The  form  of  a  star-wheel 
can  be  adjusted  on  the  mandril  (414) ;  on  the  tool  shown  in' 
^g.  18,  plate  VI.  (377),  using  a  oylindiical  miQ-cutter  and- 
adding  a  stop  so  that  the  branches  of  the  tool  are  always 
brought  to  the  same  distance  apart ;  and,  lastly,  in  the 
ordinary  turns  by  using  the  little  tool  for  making  wheel* 
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cutters,  fig.  19,  plate  VIII.  (465).  The  cutter  employed 
should  be  cylindrical,  the  star-wheel  being  fixed  by  a  conical- 
headed  screw  at  the  top  of  the  support  k  n,  which  should  be 
provided  with  an  index  at  the  side  to  enter  each  notch  of  the 
wheel  in  succession,  and  thus  determine  its  position  under  the 
cutter. 

Star- wheels  can  be  bought  of  the  material-dealers,  but  they 
are  not  always  equally  divided;  indeed,  some  exist  that  have 
been  merely  punched  in  the  punching  press.  Hence  it 
follows  that  many  of  them  are  characterized  by  at  least  one 
of  the  following  faults  :  teeth  of  unequal  length  or  with  their 
concavities  of  unequal  form. 

When  the  teeth  are  well  formed  and  finished  at  their  ends, 
but  of  unequal  length,  this  arises  from  the  star-wheel  having 
been  badly  centred  during  the  operation  of  cutting ;  it  must 
then  be  re-centred.  Take  a  smaQ  brass  plate  h,  fig.  1,  plate 
IX.,  and  drill  a  hole  at  its  centre,  with  a  notch  at  the  edge, 
a,  to  receive  the  convex  tooth  without  shake.  Now  place 
the  plate  in  the  mandril  and  turn  out  a  sink  to  receive  the 
star-wheel  and  hold  it  firmly.  The  convex  tooth  will  then 
drop  into  the  notch  and  the  wheel  should  project  a  little 
above  the  face  of  the  plate.  Now  release  (me  Aog,  and, 
having  gripped  with  it  one  tooth  of  the  wheel,  take  a  fine-^ 
pointed  graver  and  true  the  central  hole  and  the  sink  that 
receives  the  screw-head,  taking  care  only  to  remove  a  small 
quantity  of  metal  at  a  time. 

If  the  workman  has  not  considerable  experience  in  using 
the  mandril  and  fears  a  derangement  in  releasing  and  again 
tightening  the  dog,  he  had  better  remove  the  plate,  cement 
the  star-wheel  in  position  and  replace  it,  when  it  can  be  re- 
centred  with  the  pump-centre. 

566.  To  make  a  finger-piece,— After  having  drifted 

the  square  hole  in  the  centre  of  a  steel  disc  of  suitable  dimen- 
sions (see  articles  367 — 8  and  718),  and  traced  out  a  line 
to  mark  the  circumference  of  the  disc  and  the  end  of  the 
finger,  drill  two  holes  a  little  beyond  this  line,  leaving  su'h  a 
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space  between  them  as  to  ensure  that  the  base  of  the  finger 
shall  possess  sufScient  strength  ;  but  these  holes  should  be 
drilled  so  far  in  towards  the  centime  of  the  disc  that  freedcnn  is 
left  for  the  comers  of  the  star-wheel  teeth  during  its  rota- 
tion. The  head  of  the  finger  is  at  first  left  so  as  to  exactly  fit 
the  spaces  of  the  wheel  without  play,  this  being  subsequently 
given  with  a  fine  file  and  in  the  smoothing. 

File  the  circumference  all  round  so  as  just  not  to  touch  the 
line  traced  out ;  then,  putting  the  disc  on  an  arbor,  hold  a 
fine  barrette  file  against  the  edge,  and  cause  the  arbor  to 
oscillate  backwards  and  forwards  with  a  bow,  the  file  coming 
in  contact  alternately  with  each  side  of  the  finger.  This 
smoothing  of  the  rim  will  materially  facilitate  and  abridge 
the  final  work  with  the  graver.  Care  is  necessary  in  the 
use  of  the  bow  while  applying  the  graver ;  it  must  be 
strong  but  steadily  handled,  the  graver  very  careftilly 
sharpened  and  only  a  little  metal  removed  at  a  time;  first 
using  the  point  and  then  the  edge  to  smooth  the  rim. :  The 
comer  of  the  rim  on  one  side  of  the  finger  having  been 
finished  oflF  with  the  graver  edge,  reverse  the  arbor  between 
its  centres  to  treat  the  other  comer  in  a  similar  manner.  A 
finger-piece  made  as  here  explained  will  be  found  to  be  very 
trae. 

Some  watchmakers,  when  it  is  possible,  finish  the  cir- 
cumference after  it  has  been  adjusted  on  the  barrel-arbor 
itself ;  but  as  a  rule  this  is  not  necessary. 

The  slit  that  receives  the  pin  may  be  cut  as  follows : — Pile 
a  square  piece  of  brass  to  fit  the  hole  in  the  finger-pieoe,  cut 
a  notch  across  the  end  with  a  screw-head  file,  and  insert  it 
in  the  square  hole.  Having  centred  a  flat  cutter,  the  thick- 
ness of  which  is  equal  to  that  of  the  slit  to  be  cut,  on  a 
taper  arbor,  place  this  between  the  runners  of  the  lathe ; 
resting  the  brass  horizontally  on  the  T-rest  (which  had 
better  be  at  the  back  of  the  lathe,  so  that  the  progress  of  the 
operation  may  be  more  easily  observed),  present  the  notch  to 
the  cutter,  and  one  or  two  strokes  of  the  bow  will  make  a 
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slit  of  the  requisite  depth.  The  cutter  can  be  easily  made 
by  one  of  the  methods  explained  in  article  464,  &c/ 

567.  It  will  be  understood  that  the  foregoing  details 
relate  to  the  method  to  be  adopted  in  making  the  finger- 
piece  by  hand,  but  it  is  very  easy  to  arrange  an  addition  to 
the  ordinary  turns,  with  or  without  a  throw,  for  rounding  or 
trueing  the  circumference  with  great  rapidity. 

Having  mounted  a  circular  mill-cutter  on  an  arbor  between 
the  runners  or  on  a  chuck,  as  seen  at  B,  fig.  1,  plate  X., 
replace  the  "f-rest  by  an  upright  that  has  a  shoulder,  and  is 
truly  cylindrical,  and  of  a  diameter  to  fit  the  support 
without  shake ;  the  finger-piece,  D,  is  fixed  to  its  upper  end 
by  a  cone  and  nut,  as  in  the  screw-arbor,  or  by  any  other 
means.  A  lever  I  is  adapted  to  the  vertical  rod,  so  that  it 
can  be  rotated  between  two  stops  on  the  lathe-bed ;  such 
stops  are,  however,  not  always  needed,  because  by  employing 
a  thick  cutter  that  is  smooth  on  the  face  there  is  no  danger 
of  damage  to  the  finger.  At  the  same  time,  if  there  are  no 
stops,  considerable  care  is  requisite  in  the  smoothing  and 
polishing  to  prevent  the  sides  of  the  lap  touching  the  finger. 
This  can  be  polished  afterwards  in  a  very  short  time  by 
using  a  lap  that  has  been  turned  on  the  edge  to  fit  the  notch. 
It  is  useless  to  enter  into  further  particulars,  as  the  little 
appliance  or  one  of  an  analogous  description  can  be  easily 
made. 

The  apparatus  shown  in  fig.  6,  plate  VIII.,  and  described 
in  article  459  could  be  employed  for  such  a  purpose. 

568.  To  make  a  clock  barrel. — Old  method. — A  strip 

of  soft  brass,  thicker  than  the  circumference  of  the  dram  is 
intended  to  be,  is  coiled  into  a  circle  rather  less  in  diameter 
than  the  required  barrel,  on  a  cylinder  of  hard  wood,  either 
by  pressure  between  the  jaws  of  a  vice  or  with  a  mallet  or 
hammer.  The  two  edges,  after  being  carefully  cleaned,  are 
soldered  with  silver  solder  or  brazed,  while  they  are  held  in 
position  by  a  piece  of  binding  wire  wound  round  the  drum. 
Placing  this  ring  on  the  nose  of  a  beak-iron,  harden  it  by 
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gentle  blows^  so  as  not  only  to  harden  the  brass,  but  also  to 
increase  the  diameter  and  make  a  true  cylinder. 

Chuck  it  on  a  cylinder  of  hard  wood  (290,  408)  in 
order  to  turn  the  two  ends  square,  and  form  the  edge  that  is 
received  in  a  groove  cut  in  the  bottom  of  the  barrel ;  the 
bottom  is  then  (soft)  soldered  in  position.  In  the  older 
barrels  that  contained  very  strong  springs,  it  was  often  the 
practice  to  leave  tongues  projecting  round  the  drum  that 
entered  holes  in  the  bottom  and  were  riveted  on  the  otiier 
side. 

The  barrel  may  be  cemented  to  a  large  wax  chuck  that 
has  at  its  centre  a  short  arbor  tapped  and  provided  with  a 
washer  and  nut,  or  it  may  be  gripped  by  its  base  in  the 
dogs  of  a  mandril,  and  the  surfeces,  &c.,  finished.      . 

Some  of  the  details  given  in  regard  to  a  watch  barrel  are 
applicable  here. 

New  method. — The  drum  is  now  no  longer  made  by 
bending  a  strip  of  brass,  because  brass  tubing  is  always  to 
be  obtained  at  metal  warehouses  which  only  needs  to  be  cut 
into  rings  of  the  requisite  length. 

569.  To  make  a  barrel-arbor. — This  can  be  done  twice 

as  fast  in  a  lathe  driven  by  a  wheel  as  when  the  bow  is 
employed. 

If  the  metal  is  in  the  rough  and  has  the  scale  on,  it  must 
be  cleaned  either  on  the  stone  or  with  acid  (81). 

The  following  method  of  procedure  has  been  proved  in 
practice  to  be  expeditious: — 

When  the  arbor  has  been  turned  to  shape  with  the 
graver,  smoothed,  and  almost  polished,  it  is  placed  in  the 
barrel  and  should  rotate  when  in  position,  but  with  consider- 
able friction.  Then  make  the  two  squares  as  explained 
below  (571);  and,  after  smoothing  that  which  receives  th 
finger-piece,  set  this  latter  in  position  on  the  arbor  and  see  that 
it  does  not  descend  quite  to  the  shoulder.  Then  replace  it  by 

worn  out  finger-piece,  or  by  a  copper  disc  that  is  cut  so  as 
allow  of  the  insertion  of  the  pin  in  exactly  the  same 
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position  as  is  required  by  the  finger-piece  to  be  definitively 
used.  ^  It  is  then  easy  to  drill  the  pin-hole  from  either  side  of 
the  square  and  to  smooth  it  with  a  fine  broach.  Each  time 
that  the  arbor  has  to  be  inserted  in  the  barrel,  great  care 
must  be  taken  to  remove  any  burr,  as  it  might  damage  the 
barrel-holes. 

Before  hardening  the  arbor,  cut  in  it  two  grooves  of 
moderate  depth  at  the  points  at  which  the  ends  must  be 
broken  off.  Such  a  practice  has  two  advantages  :  (1)  the 
two  waste  points  of  the  arbor  can  be  removed  and  each  end 
partly  formed  without  employing  a  file,  an  arrangement 
whereby  it  is  possible  to  maintain  in  the  arbor  a  maximum 
of  hardness,  at  least  at  the  winding  end  ;  and  (2),  if  the 
arbor  is  distorted,  it  will  not  be  in  the  body,  but  from  the 
points  at  which  these  cuts  are  made.  And  if  any  distortion 
occurs,  the  blowpipe  jet  can  be  directed  on  the  points,  which 
are  then  removed  with  a  file  before  the  final  polishing. 

570.  To  harden  the  arbor,  place  it  in  an  iron  tube  and 
surround  it  with  animal  black  which  is  pressed  down,  having 
previously  been  well  dried.  When  the  whole  has  been 
heated  to  the  requisite  temperature,  throw  it  into  water,  and, 
if  the  precautions  already  explained  under  Hardening  (87) 
are  adopted,  the  arbor  will  be  found  to  be  smooth  and 
clean  and  without  either  tc^es  or  blisters  on  its  surface. 
Clean  and  polish  it ;  this  latter  operation  will  give  the 
proper  freedom  to  the  pivots,  although  it  often  happens  that 
a  touch  with  a  broach  is  required  in  the  two  holes. 

The  bevelled  groove  within  the  ratchet  teeth  is  polished 
by  rotating  the  arbor  while  a  small  steel  plate,  perforated 
at  its  centre  and  of  the  form  shown  in  plan  and  section  at 
2,  fig.  14,  plate  YIII.,  is  held  by  the  hand  against  the 
groove.  The  shoulders  can  be  easily  and  rapidly  polished 
in  the  tool  represented  in  fig.  18,  plate  VI.,  and  described 
in  article  377.     (See  also  580.) 

571.  To  make  the  squares.— To  make  drifts.— The 

tool  shown  in  Bg.  14,  plate  VIII.,  is  used.    On  the  plate  p. 
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which  is  at  right  angles  to  the  foot  s,  is  fixed  a  frame  that 
carries  two  hard  steel  rollers,  c  and  dy  the  edges  of  which  are 
extended  to  form  a  guide. 

A  bent  finger  I  is  hinged  on  a  screw  on  the  side  of  the 
plate,  and  has  a  hole/  driUed  in  it,  which  is  continued  for  a 
short  distance  into  the  plate  p. 

The  following  is  the  method  of  using  the  appliance  : — 

Fix  to  the  arbor  a  disc,  indicated  bj  dotted  lines,  in  the 
circumference  of  which  are  four  equidistant  notches  to 
receive  the  nose  of  the  finger  J.  The  rod  s  takes  the  place 
of  the  T'^est,  and  the  arbor  is  placed  between  the  runnei» 
of  the  turns.  As  s  can  be  raised  or  lowered  to  any  position 
and  the  runners  can  be  moved  laterally,  it  is  easy  to  bring^ 
the  point  at  which  the  square  should  commence  to  corres* 
pond  with  the  line  n  n.  The  finger  h  having  been  inserted 
in  one  of  the  notches  of  the  division-plate,  reduce  the  arbor 
with  the  file  L.  Move  h  to  the  next  notch,  and  repeat  the 
operation,  and  so  on  with  the  other  two  sides. 

If  there  is  any  danger  of  the  finger  not  maintaining  a 
sufSciently  firm  hold  of  the  plate,  a  tight  fitting  pin  can  be 
inserted  in  the  hole  j. 

At  first  the  arbor  should  be  filed  away  less  than  is  actually 
required,  and  the  only  adjustment  necessary  to  ensure  thi» 
is  the  raising  of  B  to  a  suitable  height.  No  difficulty  need 
be  experienced  in  this,  but,  if  any  doubt  is  entertained,  a 
screw  may  be  supported  from  the  bed  of  the  lathe,  termi- 
nating in  a  rod  that  passes  through  the  plate  p,  as  indicated 
at  t  for  example,  thus  securing  perfect  regularity  in  the 
upward  and  downward  motion  of  the  system. 

Details  in  regard  to  the  method  to  be  adopted  in  making 
a  square  by  hand  will  be  found  in  articles  711 — 2. 

If  a  tapered  square  is  required,  it  will  be  sufficient  to 
slightly  incline  the  frame  by  means  of  two  screws  v,  i,  placed 
near  its  left-hand  edge  with  their  ends  resting  on  the  plate 
p.     Such  conditions  principally  arise  in  the  making  of 
drifts  (367,  713-4). 
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572.  To  drill  exactly  througli  the  centre  of  the 

arbor. — Of  course  if  the  old  arbor-nnt  is  available,  it  will 
afford  the  best  guide  for  performing  this  operation,  and,  if 
the  arbor  is  tapped,  such  a  hole  will  not  be  required.  But 
when  neither  of  these  conditions  is  satisfied,  the  workman 
will  have  two  slight  difficulties  to  overcome :  the  drilling  of 
the  arbor  and  its  nut  exactly  in  the  centre  and  parallel  to  the 
plane  of  the  ratchet.  By  adopting  the  following  method^  he 
can  easily  satisfy  these  conditions : — 

573.  Take  a  brass  disc  d,  fig.  9,  plate  IX.,  turned  smooth 
on  its  two  faces.  Enlarge  its  central  hole  until  the  barrel- 
arbor  enters  it  to  such  a  distance  that  a  blow  of  a  mallet 
will  drive  it  up  against  the  ratchet  where  it  should  hold  firmly. 
This  disc  is  chucked  on  the  wheel-cutting  engine,  and  a 
groove  is  formed  that  paesss  exactly  through  the  centre, 
using  a  hinged  cutter-frame,  or  advancing  the  frame  by  a 
screw.  Ascertain  bj  means  of  a  douzidme  or  a  thickness 
gauge  whether  the  thickness  of  the  disc,  measuring  from  the 
bottom  of  the  groove  to  the  under  side,  is  equal  to  the  space 
l)etween  the  shoulder  of  the  arbor  that  corresponds  to  the 
outside  edge  of  the  barrel  hole,  and  the  point  at  which  the 
hole  should  be  drilled.  If  the  thickness  is  excessive, 
diminish  it  from  the  under  side ;  if,  on  the  other  hand,  it  is 
not  sufficient,  fit  some  thin  discs  on  the  arbor,  and  then 
force  the  brass  disc  to  the  position  thus  determined  upon. 
It  is  hardly  necessary  to  add  that  when  this  is  done,  holes 
must  be  drilled  to  some  depth  on  either  side  of  the  arbor, 
using  a  drill  that  does  not  shake  about  in  the  groove, 
although  quite  free  and  inclining  sh'ghtly  downwards  so 
that  the  hole  shall  not  be  above  the  point  determined  upon, 
namely  the  bottom  of  the  groove.  Continue  the  drilling 
until  the  two  holes  meet,  the  drill  being  maintained,  during 
this  part  of  tlie  operation,  parallel  to  the  face  of  the 
ratchet. 

574.  If  the  workman  is  not  provided  with  a  tool  for 
cutting  the   groove  exactly  in  the  axis  of  the  disc,  the 
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accnracy  that  is  so  essential  can  be  ensured  as  follows : — ^A 
brass  rod  G^  fig.  9^  plate  IX.,  is  divided  into  four  at  the  end 
as  near  the  centre  as  possible  b j  means  of  a  fine  saw  or  a 
file  that  only  cuts  with  its  edge^  which  will  be  used  to  form 
the  groove.  Set  the  rod  o  in  the  turns,  a  centre  of  the 
form  /  being  inserted  at  h  where  the  slits  cross,  and  turn 
down  the  rod  a  hy  although  only  a  little  metal  should  need 
to  be  removed,  until  it  enters  the  hole  in  the  brass  disc  and 
projects  a  short  distance  on  the  other  side.  It  then  only 
remains  to  insert  in  one  of  the  notches  of  G  ^  the  cutting 
file  or  the  saw  previously  used,  to  form  a  groove  on  the 
surface  of  the  disc  that  passes  exactly  through  its  centre  ; 
it  is  to  be  carefully  remembered  that  die  saw,  &c.,  must  only 
cut  with  its  edge,  and  should  enter  the  notch  with  a  very 
slight  friction,  sufScient  to  indicate  that  it  fits  without  play. 

575.  The  arbor  nut. — Its  diameter^ — ^This  has  been  fully 
discussed  in  the  Treatise  on  Modem  Horology ^  to  page  667 
of  which  the  reader  is  referred.  The  usual  practice  is  to 
make  the  diameter  of  the  nut  equal  to  one-third  that  of  the 
inside  of  the  barrel.  With  thick  springs  of  but  slight 
flexibility  it  must  be  larger  so  as  to  avoid  over-straining  the 
innermost  coil,  and,  conversely,  with  a  very  thin  spring  it  is 
diminished,  rendering  the  employment  of  a  longer  spring 
possible.  When  the  nut  is  too  small  the  spring  must  be 
made  long,  and,  by  setting  up  the  stopwork,  a  coil  of  the 
spring  can  be  maintained  ^ways  on  the  nut. 

576.  To  drill  the  nut  along  a  diameter. — By  means  of  the 
rod  G,  fig,  9,  plate  IX.  (see  article  574),  draw  a  straight  line 
to  indicate  a  diameter  of  the  nut.  This  line  will  slerve  as  a 
guide  for  marking  two  points  opposite  to  one  another  on  the 
ciitjumference,  round  which  a  circle  has  previously  been 
traced  with  a  graver ;  one  such  point  is  seen  at  n  (fig.  10, 
plate  IX.).  The  points  should  be  marked  so  deeply  as  to 
ensure  that  the  drill  does  not  displace  itself  in  the  initial 
stages  of  the  drilling ;  with  a  little  caution,  and  using  a  glass, 

jVery  little  difficulty  wiU  be  experienced  in  ensuring  that  the 
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points  are  in  a  right  line.     One  of  the  two  following 
methods  may  then  be  employed  for  drilling  the  nnt  :— 

(1.)  Prepare  a  brass  block  of  the  form  shown  at  /^  /*, 
iig.  10,  plate  IX.^  the  space  A  being  cut  away,  and  the  end 
p  provided  with  large-headed  screws  shown  at  v,  v,  in  the 
plan.  The  two  feces  /,  P,  must  be  parallel  to  each  other, 
and  at  right  angles  with  the  face  p,  a  condition  which  can 
be  easily  satisfied  by  means  of  the  mandril ;  the  face/^,  for 
example,  being  turned  towards  the  headstock,  and  the  dogs 
introduced  into  the  space  A ;  the  opposite  fece  /  is  then 
trued  with  the  sUde-rest.  If  a  mandril  is  not  available, 
drill  two  holes  in  the  direction  indicated  by  the  dotted  lines 
//^,  and  turn  the  two  external  faces  flat  in  a  pair  of  turns. 
In  the  vertical  face  a  a  make  a  round  hole  through  which  a 
pointed  centre  passes,  being  pressed  forward  by  a  spiral  or 
other  spring,  and  the  point  corresponding  exactly  with  the 
line  a  a  traced  on  the  face  of  the  brass ;  of  course  the  axis 
of  this  centre  must  be  at  right  angles  to  the  same  line.  A 
small  block  may  be  inserted  within  the  space  a  to  prevent 
any  flexure  of  the  arms. 

An  inspection  of  the  figure  will  make  clear  the  manner 
in  which  this  little  tool  is  to  be  used.  .  Having  fixed  the  nut 
on  the  face  p  by  the  screws  v  v,  so  that  the  two  points  on 
its  circumference  coincide  with  the  line  a  a,  the  whole  is 
placed  in  the  drilling  tool  with  the  dogs  pressing  either  on 
the  upper  external  fece  or  in  the  space  a.  After  the  block 
is  fixed,  ascertain  by  rotating  the  uprighting  spindle  that 
its  point  coincides  in  all  positions  with  the  top  mark  on  the 
edge  of  the  nut,  and  drill  as  usual.  Drill  one  side,  invert 
the  block  and  proceed  in  a  similar  manner  to  drill  the  other. 

The  mandril  can  be  used  for  this  operation,  the  drill  being 
centred  in  a  runner  or  in  the  manner  explained  in  article  413. 

The  little  appUance  above  described  might  be  simplified 
by  being  made  of  the  form  shown  at  B,  fig.  10,  plate  IX., 
which  would  require  to  be  reversed  when  the  second  hole  is 
about  to  be  drilled. 


i 
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577.  (2.)  After  tracing  the  circle  ronnd  the  nut,  and 
marking  the  points  in  the  manner  already  explained,  Bome 
watchmakers  fix  it  in  a  screw-femile  and,  supporting  one  of 
the  points  by  a  runner  of  the  turns,  present  the  drill,  whki 
is  supported  on  the  T'^^^^t,  against  the  other  point,  and 
rotate  the  nut  by  a  bow  passing  round  the  ferrule :  in  ftct) 
by  a  process  exactly  similar  to  that  adopted  in  replacing  i 
broken  pivot  (256,  352). 

One  objection  to  this  method  is  that  a  ferrule  moBt  lie 
used  that  is  very  large  as  compared  with  the  size  of  tbe 
object  operated  on,"  especially  if  it  cannot  be  held  in  tberin 
of  the  ferrule.  It  would  be  better  to  use  a  ferrule  the  cente 
of  which  has  been  entirely  cut  away,  as  shown  at  A,  fig.  llf 
plate  IX.,  or  merely  with  a  slot  in  it,  as  B.  The  nut  wodM 
in  such  a  case  be  cemented  in  position. 

578.  To  polish  the  inclined  faces  of  ratchet  teeUi- 

First  method, — Set  the  ratchet  in  rotation  by  means  of  • 
hand  or  foot-wheel,  and  bring  a  strip  of  spring  covered  wift 
coarse  rouge  and  oil  against  it  from  the  side,  resting  the  atrip 
on  the  X'^cs*''  I^  ^  ^^^7  short  time  the  teeth  will  be 
rounded  and  polished.  This  process  is  similar  to  that 
adopted  at  the  present  day  for  polishing  the  inclines  of 
cylinder  escape  wheels  in  the  lathe,  which  has  been  explained 
in  the  Treatise  at  page  291.  The  position  of  the  polifllffl^ 
spring  and  its  inclination  must  be  determined  upon  by  fcAl 
so  as  to  make  sure  that  the  entire  surface  of  the  tooth  is 
acted  on. 

579,  Second  method, — Make  a  small  boxwood  lap,  a^d 
arrange  it  as  shown  at  m,  fig.  14,  plate  IX.,  so  that,  ^^ 
caused  to  revolve  on  its  axis,  which  may  be  more  or  1* 
inclined,  it  is  brought  into  contact  with  the  ratchet  lA*^ 
with  its  axis  as  indicated  by  the  figure.  The  teeth  wiBc^ 
into  the  wood,  and  trace  out  a  helix  as  seen  at  M^,  and  the 
lap,  passing  successively  into  the  ratchet  teeth,  will  canse  it 
to  revolve  rapidly.  When  the  groove  is  deep  enough 
apply  some  coarse  polishing  rouge  to  the  surface  oftte 
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dram ;  after  a  few  rotations  the  faces  will  be  found  to  Ix? 
polished. 

The  arbor  and  lap  may  be  arranged  in  either  of  two  ways. 

Mount  the  lap  between  the  centres  that  carry  the  cutter 
in  a  wheel-cutting  engine  and  support  the  barrel-arbor 
opposite  to  it  in  a  vertical  direction  between  the  chuck  and 
the  bent  arm  or  ^^  gallows  "  used  to  fix  a  wheel  while  cutting 
its  teeth.  Or  a  pinion  engine  would  be  preferable^  as  it  is 
evidently  better  adapted  for  the  purpose. 

A  watchmaker  who  is  not  provided  with  either  of  these 
tools  must  chuck  the  lap  in  a  lathe  of  some  kind  that  is 
driven  by  a  wheel,  then  mount  the  barrel-arbor  in  such  a 
carrier  as  is  shown  at  ^  j»,  fig.  14,  plate  IX.,  and,  resting  its 
base  on  the  T'^est,  hold  the  ratchet  against  the  lap, 
determining  the  most  suitable  height  and  inclination  by  trial ; 
this,  he  will  find,  can  be  easily  done. 

580.  To  polish  the  circular  groove  in  the  ratchet.— 

It  takes  a  long  time  to  accomplish  this  by  using  first  an 
iron  polisher  with  oilstone  dust,  then  one  of  copper  with 
rouge  and  oil.  The  operation  can  be  performed  more 
expeditiously  by  using  an  iron  runner  as  shown  at  B,  fig.  14, 
plate  IX.  The  end  is  rounded  to  correspond  with  the 
groove ;  and  the  hole,  which  is  indicated  by  dotted  lines, 
should  be  large  and  funnel-shaped,  so  as  to  avoid  contact 
with  the  comers  of  the  winding  square  when  a  see-saw 
motion  is  given  to  b  in  the  polishing. 

The  arbor  being  cemented  to  a  chuck  in  a  lathe  that 
is  driven  by  a  wheel,  hold  the  end  o,  charged  wiiJi  oil- 
stone-dust or  rouge,  in  the  groove,  and,  while  the  arbor  re- 
volves, rotate  the  spindle  b  in  the  hand,  at  the  same  time 
giving  it  a  see-saw  motion  as  above  mentioned.  A  very  little 
practice  will  be  required  to  do  this. 

If  not  provided  with  a  hand  or  foot-wheel,  mount  a  ferrule 
on  the  arbor,  and,  after  placing  the  bow  in  position,  support 
the  point  s  either  in  a  runner  or  at  the  side  of  the  vice  and 
press  the  spindle  against  the  groove  with  one  hand  while  the 
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other  works  the  bow  ;  the  operation  is  precisely  similar  to 
the  facing  of  pinions^  except  that  in  that  case  the  end  of  B 
must  be  square  (article  609).     (See  also  570.) 

581.  Repairing  a  barrel-arbor. — To  renew  ffis  rtOM,-^ 

Cement  the  arbor  a  a,  fig.  18,  plate  VIII.,  to  the  lathe  chuck 
or  mount  it  in  a  ftisee-arbor  in  the  ordinary  tunis.  Turn 
down  the  ratchet,  removing  its  teeth  and  thus  diminishingib 
diameter  by  about  a  third,  as  shown  s,tnn;  then  recbce 
the  thickness  to  a  half,  turning  it  down  on  the  side  next  to 
the  winding  square,  and  continue  this  square  down  to  the 
flat  disc  that  remains,  taking  care  that  no  shoulder  is  left 
at  the  angle  between  the  two.  The  arbor  is  now  in 
a  condition  to  receive  the  new  ratchet  which  has  to  te 
fitted. 

Adjust  a  flat  ratchet  r  r  like  those  used  on  the  barrel-aitor 
of  a  fdsee  watch,  which  must  be  of  the  thickness  anddiamieter 
of  the  original  ratchet,  so  that  it  exactly  fits  the  ^ding 
square ;  turn  a  sink  in  it,  as  shown  by  [the  dotted  line,  to 
receive  the  disc  already  formed ;  and,  if  the  hole  fits  ife 
winding  square  freely  but  without  play,  and  this  sqnare  » 
carried  down  to  the  disc,  the  dust  cap  c  c  wiU  maintain  the 
ratchet  in  its  position  as  effectually  as  though  it  formed  one 
with  the  arbor. 

By  adopting  the  above  method,  which  does  not  occupy 
much  time,  it  is  often  possible  to  avoid  making  a  new  arbor 
when  all  but  the  ratchet  is  sound  ;  and  if  this  portion 
should  again  wear  out,  the  necessary  repair  is  still  further 
simplified. 

We  are  assured  that  arbors  repaired  in  the  above  manner 
showed  no  signs  of  wear  after  fifteen  years,  except  that  the 
square  in  the  ratchet  was  a  trifle  enlarged,  though  not 
sufficiently  to  interfere  in  any  way  with  the  eflBciency; 
moreover,  in  modern  watches,  the  winding  square  is  generally 
long,  so  that  the  ratchet  can  be  left  somewhat  thicker  at  the 
centre  and  a  corresponding  sink  cut  in  the  under  side  of  the 
dust  cap  to  receive  it. 


TO  REPAIR  A  BARREL-ARBOR.  883 

"582.  To  true  a  barrel-arbor  that  is  coned  inwards 

P  too  large. — Cement  the  arbor  firmly  to  a  chuck  as  shown 
i  C,  fig.  2,  plate  IX.  With  care  it  will  be  easy  to  make  the 
xtt  e  ran  true.  As  a  rule  but  very  little  metal  requires  to 
5  removed  to  make  e  cylindrical  or  conical  in  any  desired 
iiection,  and  it  will  generally  be  sufficient  to  finish  by 
ilishing  with  an  iron  polisher  and  oilstone-dust  or  coarse 
mge  and  oil.  Use  a  narrow  polisher  that  only  bearis  on  the 
id  of  e,  giving  it  a  double  movement,  straight  forward  and 
.  a  hialf  circle  towards  one  side  ;  or  else  use  a  broader 
>U3lier,  supporting  it  on  the  T'^est.  By  inclining  this  the 
on  can  be  prevented  from  touching  e,  iexcept  near  its 
Hreinity.  It  is  unnecessary  to  add'that  when  the  arbor  has 
5cn  made  cylindrical  or  coned  in  tL  givclfl 'direction  a  suitable 
ilisKer  bearing  on  the  entire  length  of  «cah  be  used. 
Eiflier  of  the  two  following  methods  can  be  adopted  in 
aoe  of  that  above  explained  : — 

Sdpport  the  winding  square  end  of  the  barrel-arbor  in 
1  'excentric  runner  and  let  the  opposite  end  run  in  a  small 
med  bole  in  the  end  of  a  steel  runner  which  must  be 
>B8liedand  hardened  so  as  to  prevent  the  comers  of  the 
pare  tliat  receives  the  stop-finger  from  wearing  it  away; 
ow  apply  coarse  rouge  until  the  fault  no  longer  exists  and 
)Ilow  with  fine  rouge  to  complete  the  polishing. 
If  not  provided  with  an  excentri6  runner,  it  will  be  suffi- 
ient  to  take  a  tight-fitting  key,  drive  it  on  with  a  blow  of  a 
ammer  and  file  a  point  at  the  tapped  end  so  as  to  be 
1  the  axis  of  the  barrel-arbor.  Haying  attached  a  ferrule 
3  this  key,  place  the  whole  between'  the  runners  and  proceed 
8  explained  above. 

583.  To  renew  a  worn  winding  square.— The  best 

Ian  is  to  make  an  entirely  hew  arbor;  but  when  this 
mnot'be  done,  as,  for  examplei,  on  the  ground  of  expense, 
ie  Allowing  method  of  repair  may  be  attempted : — 
Direct  the  blowpipe  flame  oh  to  the  square  while  holding 
16  body  of  the  arbor  in  a  pair  *of  pliers,  so  as  to  prevent  its 
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being  over-heated ;  and  round  off  the  comers  of  the  square, 
leaving  the  diameter  no  greater  than  is  necessaiy  for 
strength,  and  tap  it  with  a  screw-plate.  Now  drill  a  hole  at 
the  end  of  a  piece  of  round  steel  of  somewhat  greater  diameter 
than  the  original  square,  and  form  an  internal  screw  by 
means  of  a  tap  made  in  the  same  hole  of  the  screw-plate  as 
was  used  for  the  arbor ;  the  end  of  the  tap  should  be  tapered 
and  with  good  cutting  edges. 

If  the  arbor  is  the  fvJl  length  allowed  by  the  case,  reduce 
the  length  slightly  and  screw  on  the  small  steel  spindle, 
tapped  to  the  right  depth.  It  must  not  be  screwed  quite 
down  to  the  ratchet,  although  intended  ultimately  to  come  into 
actual  contact.  After  having  thus  tested  it,  form  the  square 
(in  the  manner  explained  in  article  571  or  711 — 2),  which 
will  naturally  be  rather  larger  than  the  original,  and  cut 
a  deep  groove  with  the  graver  at  the  point  where  the  square 
is  to  be  broken  off,  but,  before  breaking  it,  harden  and  let 
down  to  a  blue  or  violet  temper ;  then  smooth,  polish,  and 
screw  finally  on  to  the  arbor.  If  this  last  operation  does  not 
result  in  the  square  breaking  away,  grip  the  spindle  in  a 
vice  and,  taking  the  square  in  a  pair  of  long-nosed  pliers, 
break  it  with  a  sharp  blow.  It  only  remains  to  iSnish  off  the 
end  in  a  screw-head  tool. 

584.  Hollow  barrel-arbor.— When  very  flat  watches 
were  fashionable,  so  little  room  was  allowed  for  the  winding 
square  that  it  became  necessary  to  make  the  arbors  hollow  ; 
in  other  words,  they  were  traversed  throughout  their  entire 
length  by  a  square  hole  into  which  the  key,  a  square  ^indle, 
was  introduced  in  winding  up  the  watch. 

At  the  present  day  such  arbors  are  not  made  :  indeed,  it 
is  seldom  that  such  watches  are  met  with,  but  this  class  of 
work  has  received  a  novel  application  in  the  set-hand  pinions 
of  keyless  work.  It  is  advisable,  therefore,  that  watch- 
makers at  a  distance  from  the  centres  of  manu&cture  should 
know  how  to  make  such  a  piece  if  occasion  arise ;  the 
operation  only  involves  one  diflftculty  of  any  moment,  and 
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articles  713 — 4  on  ** drifting*'  explain  how  this  may  be 
overcome. 

THE    MAINSPRING. 

585.  A  free  and  uniform  action  of  the  mainspring  is  one 
of  the  primary  conditions  that  have  to  be  satisfied  for 
ensuring  a  continuously  good  rate.  We  have  discussed  this 
subject  very  fully  in  the  Treatise  on  Modem  Horology ,  and 
must  refer  the  reader  to  it. 

In  reference  to  the  blueing  of  mainsprings^  see  article  95. 

586.  To  make  the  eye  in  a  mainspring. — ^Every  watch- 
maker knows  that  this  is  conmionly  done  by  means  of  a 
mainspring  punch  ;  but  in  its  absence  a  hole  can  be  made 
by  hammering  a  pointed  punch  one  or  more  times  through 
the  end  of  the  spring  after  it  has  been  softiened,  and,  after 
filing  away  the  projecting  metal,  the  hole  is  broached  out  or 
enlarged  with  the  point  of  a  graver  and  finished  with  a  rat- 
tail  file,  taking  care  that  the  comers  are  rounded  off  so  as  to 
avoid  the  risk  of  cracks. 

587.  To  reduce  the  height  of  a  mainspring. — ^This  and 
the  following  method  are  only  to  be  resorted  to  when  a  new 
spring  cannot  be  obtained. 

Introduce  the  spring  into  a  barrel  of  leas  height  tlian 
itself  and  wear  the  steel  away  by  rubbing  itonahaidsur&ce 
charged  with  oilstone-dust,  keeping  it  constantly  rotated 
between  the  fingers.  When  the  reduction  is  sufficient  remove 
the  spring  and  draw-file  it,  so  as  to  round  off  the  two  edges : 
then  clean  the^  entire  surface. 

588.  To  unite  a  broken  mamtpring. — ^This  can  be  done 
by  soft^ening  the  two  ends  and  riveting  them  together  ;  but 
it  nearly  always  happens  that  one  piece  rises  above  the  other 
and  constrains  it.  A  better  plan  is  to  join  the  ends  as 
follows  : — 

Let  d  and  a,  ^g.  7,  {date  XDI.,  be  the  two  pieces  of  a 
mainspring,  broken  at  a.  Hake  an  opening,  hd^zt  the  end 
of  one,  and  cut  the  end  of  the  other  piece  as  shown  at  a  r, 

c  c 
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the  force  of  the  mainspring,  so  that  the  whole  rests  in 
eqailibrinm  when  left  to  itself.  Rotate  the  rod  backwards 
bj  half  tarns  at  a  time.  If  equilibrium  is  maintained  to  the 
end,  the  fusee  is  well  adjusted.  But,  when  this  is  not  the 
case,  it  will  be  found  that  the  weight  of  the  lever  is  too  gieafc 
or  too  small ;  shoeing  that  the  radius  of  the  fdsee  is  either 
too  small  or  too  great.  Adjust  the  lever  so  that  it  balances 
with  the  radius  of  the  fusee  which  is  thus  shown  to  be  most 
deficient,  and  at  all  other  points  along  the  thread  of  the 
fusee  more  metal  must  be  removed  to  an  extent  indicated  by 
the  experiment. 

When  not  provided  with  a  fiisee  engine,  it  is  a  common 
practice  to  use  the  ordinary  turns  and  an  equalling  file 
smoothed  on  its  two  faces  ;  or  a  template  might  be  adapted 
to  the  X'^eat  of  such  turns. 

If  the  irregnlarity  observed  Is  but  slight,  it  is  advisable 
not  to  touch  the  fiisee  ;  because,  in  the  great  majority  of 
cases,  an  equipoise  can  be  arrived  at  by  altering  the  degree 
to  which  the  spring  is  set  up.  Thus,  if  the  weight  is 
too  heavy  for  the  lower  coils  of  the  spring,  set  it  up  more, 
so  as  to  increase  its  tension :  in  the  converse  case,  of 
course,  it  must  be  let  down.  By  trying  several  springs, 
especially  if  they  are  of  diflferent  manufacture,  it  will  very 
often  be  found  possible  to  secure  a  sufficient  degree  of 
uniformity  without  there  being  any  occasion  to  re-cut  the 
fdsee. 

CHAIN. 

"693,  To  eaS3  a  chain. — ^Whenthe  links  are  rusty  or  not 
sufficiently  supple,  the  chain  should  be  placed  in  oil  and  left 
there  for  some  hours  at  least.  Bound  off  the  edge  of  a  box- 
wood block,  cut  a  groove  across  this  edge  and  clamp  the 
block  in  a  vice  :  then  place  the  chain  like  a  saddle  in  the 
groove,  so  that  it  hangs  down  on  either  side.  Applying  oQ 
liberally  to  the  wood,  take  an  end  of  the  chain  in  each 
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hand  and  pull  it  backwards  and  forwards  in  the  grooye, 
renewing  the  supply  of  oil  at  intervals.  When  perfectly 
flexible,  the  chain  must  be  cleaned  with  benzine,  or,  after 
soaping,  wash  it  in.  water  and  leave  for  some  minutes  in 
alcohol.  After  being  dried,  it  is  dipped  in  fine  oil  and  dried 
in  a  clean  linen  rag  free  from  fluff,  pressing  the  rag  against 
the  edge.  A  chain  treated  in  this  manner  will  be  found  to 
remain  supple  for  a  long  time,  and  it  will  not  be  liable  to 
rust. 

594.  Biveting  a  hook,  &C. — ^When  riveting  either  a 
hook  or  link  to  a  chain,  it  is  very  necessary  that  the  end  of 
the  rivet  be  cut  or  filed  quite  square ;  for,  otherwise,  the 
blow  of  the  hammer  will  bend  the  rivet,  so  that  the  chain 
will  not  be  square  on  the  barrel,  neither  will  the  riveting  be 
firm. 

WHEELS. 

595.  To  rough  out  a  wheeL — ^The  sheet  brass  having 
been  prepared  in  the  manner  indicated  in  article  103,  one 
face  is  smoothed  with  a  file  followed  by  oilstone-dust ;  the 
plate  is  then  set  up  in  the  lathe  or  mandril,  to  true  the 
other  face  with  the  slide-rest.  On  the  smoothed  &ce  trace 
out  the  rim  and  the  crossings.  These  latter  can  best  be 
marked  out  on  the  dividing-plate  or  grammaire,  already 
explained  in  article  372. 

After  drilling  the  small  holes  a,  c,  &c.,  fig.  5,  plate  YIII., 
at  the  comers,  cement  the  wheel  to  a  plate  that  is  perforated 
to  permit  the  use  of  the  pump-centre,  and  remove  the  metal 
between  the  crossings  by  first  turning  the  sinks  indicated 
by  the  shaded  disc  s  with  the  slide-rest,  and  subsequently 
cut  the  groove  i  i.  Now  centre  the  wheel  in  the  mandril 
and  trace  the  arcs  a  c  with  a  fine  graver,  moving  the  &ce- 
plate  backwards  and  forwards  in  the  manner  referred  to  in 
article  416. 

Remove  the  wheel  firom  the  plate  and  finish  off  the  spaces 
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with  a  file.  Two  files  will  be  needed  for  forming  the 
angles  :  one  a  flat  barrette  file  with  the  comer  beyeHed  off 
and  smoothed  to  nearly  a  right  angle  to  go  against  the  rim  of 
the  wheel ;  and  the  other  a  taper  file  with  faces  of  the  mmt 
cnrvatore  as  the  inside  of  the  tira;  its  two  edges  being 
inclined  at  rather  more  than  a  right  angle  and  smoodied 
carefully.  If  these  simple  precautions  are 'nbt  taken,  thete 
is  a  risk  of  cutting  through  the  forms  or  makitig  theni'too 
narrow. 

Many  of  the  details  in  the  following  article,  althongh 
specially  relating  to  a  balance,  will  be  found  applicable  to 
the  construction  of  other  wheels. 

596.  To  make  a  plain  balance.— The  round  plate  rf 

which  the  balance  is  to  be  made  must  be  hanmiered  with 
the  greatest  possible  care  and  of  a  thickness  but  Bttfe 
greater  than  that  of  the  finished  balance  (103).  Smooth 
one  &ce  and  cement  it  either  to  a  perforated  plate  throng 
which  the  pump-centre  can  reach  the  balance  (if  te 
mandril  is  to  be  used),  or  on  the  chuck  of  an  oriiMiI 
lathe,  or  on  the  wax-chuck  c,  fig.  1,  plate  X.  Hollow  the 
middle  portion  with  the  slide-rest  cutter  or  hook  tool, 
according  to  the  kind  of  lathe  used ;  but,  whichever  it  be, 
it  must  be  very  well  set  and  only  remove  a  small  portion  at 
a  time.  The  application  of  an  excessive  pressure  will 
produce  a  kind  of  rolling  action  which  will  induce  a  ten- 
dency in  the  arms  to  bend.  Remove  the  metal  between  the 
rim  and  boss  until  its  thickness  is  diminished  by  abont  a 
third  ;  smooth  this  surface  carefully,  finishing  with  a  pece 
of  charcoal.    The  disc  is  now  ready  for  crossing  out. 

Place  it  on  the  dividing-plate  (see  article  372)  to  mark 
out  the  three  arms,  and  remove  the  metal  between  them, 
either  in  the  mandril,  as  explained  above,  or  by  drilling  a 
series  of  holes  parallel  to  the  arms  and  rim.  These  holes 
should  be  so  arranged  that  they  can  be  enlarged  with  a  &€• 
pointed  graver  (while  the  balance  rests  upon  a  flat  wooden 
block  or  is  cemented  to  it),  and  a  turn  with  a  sharp-edged 
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'broach^  or  the  paseage  of  a  thin  rat-tail  file  should  be 
tnifScient  to  separate  the  useless  metal.  As  a  rule  the  series 
of  holes  is  drilled  with  the  disc  held  against  a  wooden 
block,  but  the  burrs  produced  on  the  under  side  by  the  drill 
prevent  it  from  being  maintained  flat,  unless  they  are 
lemoTed  after  each  hole  is  drilled,  and  this  might  occasion  a 
distortion  of  the  disc.  It  would  perhaps  be  better  to 
cement  the  rough  balance  to  a  sheet  of  zinc  :  the  colour  of 
the  shavings  would  suffice  to  indicate  whether  the  hole  was 
through. 

The  arms  and  rim  must  be  made  smooth  and  even  with 
nicely  formed  crossing  files,  the  edges  of  which  are  smoothed 
to  the  most  convenient  angle  as  already  indicated. 

In  filing  the  crossings  the  balance  should  rest  against  a 
small  block  in  the  vice,  and  they  are  rounded  while  resting 
in  a  groove  at  the  edge  of  a  similar  block,  specially  shaped 
for  the  purpose.  This  block  is  also  usefiil  as  a  support  in 
finishing  the  angles  between  crossings  and  rim. 

The  under  fece  of  the  balance  is  smoothed  with  oilstone- 
dust  ;  and  the  arms  by  drawing  the  polisher  along  them  while 
the  balance  rests  on  a  fiat  block ;  it  is  then  cleaned  and 
fitted  on  a  very  true  arbor,  as  a,  fig.  1,  plate  X.  This 
should  pass  through  the  centre-hole  of  the  balance  without 
play  after  a  broach  has  slightly  enlarged  it,  and  the  balance 
is  clamped  by  a  cap  and  three  screws,/.  It  only  remains  to 
set  the  arbor  in  the  turns  and  polish  the  rim,  first  turning  it 
to  a  half-oval  if  desired.  In  the  latter  case  the  rim,  after 
being  smoothed,  is  polished  first  with  coarse  rouge  on  hard 
pith,  and  subsequently  with  fine  rouge  on  softer  pith. 

597.  If  the  arms  of  a  balance  are  found  to  be  too  long 
80  that  they  curve,  the  rim  must  be  lengthened  by  hammering 
with  the  greatest  possible  care  ;  the  inside  and  outside  of  it 
must  then  be  trued  on  an  arbor  of  the  form  A. 

The  boss  at  the  centre  will  be  found  thicker  than  is 
desirable ;  its  height  can  be  reduced  with  the  balance  merely 
adjusted  on  a  smooth  taper  arbor,  but  it  is  necessary  to 
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observe  that  the  balance  and  arbor  mnst  not  be  adjusted  to 
each  other  by  pressing  or  by  rotating  the  balance  with  the 
rim  held  in  the  fingers.  It  mnst  be  pushed  on  or  off  the 
arbor  by  applying  pressure  at  the  centre  of  the  boss  on  one 
side  or  the  other  with  a  piece  of  hard  wood  resting  firmly 
against  the  T-i^^^  while  a  rather  strong  bow  causes  the 
arbor  to  rotate. 

Instead  of  the  form  of  arbor  shown  at  a,  a  screw  arbor 
might  be  used  with  its  cone  pressing  against  a  cap,  but 
the  balance  must  always  be  carefully  adjusted  on  the  arbor, 
and  this  latter  must  run  perfectly  true. 

598.  To  make  a  compensation  balancje.— This  balance- 
requires  the  most  minute  care  in  its  construction,  and  no- 
point  must  be  neglected.  We  have,  therefore,  entered  into 
very  foil  detail  in  regard  to  it  in  the  Treatise  on  Modem 
Horology y  to  pages  741 — 4  of  which  we  must  refer  the 
reader. 

699.  To  make  a  number  of  identical  wheels.— If  it 

is  desired  to  make  a  number  of  brass  wheels  of  the  same 
size  and  shape,  the  workman  will  find  it  much  to  his  advan- 
tage to  employ  the  punching  machine,  a  tool  that  is  daQy^ 
coming  into  more  general  use  throughout  all  the  branches 
of  the  watchmaking  trade.  By  adopting  the  foUowing^ 
method  he  can  make  his  own  punches  and  bed-plates. 

With  a  view  to  secure  some  length  in  the  matrices  that 
are  used  for  forming  the  crossings,  without  augmenting  the 
difficulty  of  construction,  proceed  thus  :  Each  of  the  piece? 
V,  V,  (fig.  18,  plate  X.)  consists  of  two  parts : — (1)  The 
star-piece  a  c  b  d,  of  three,  four,  five,  or  six  arms  according- 
to  the  number  of  crossings  of  the  wheel;  and  (2)  the 
collar,  v.  The  star-piece  is  of  the  same  length  as  the  collar, 
and  is  made  in  the  wheel-cutting  engine  in  the  same 
manner  as  the  leaves  of  a  pinion.  The  punches,  of  which 
one  is  shown  at  P,  are  fitted  by  hand  to  the  recesses  of  the 
star-piece,  and  then  cemented  in  position ;  the  whole  is  then 
chucked  in  the  lathe  and  turned  as  one  piece,  so  that  its 
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diameter  is  sUghtljgieater  than  the  interior  of  the  collar.  Now 
harden  the  star-piece  and  temper  it  to  a  Uue  colour.  When 
cold  harden  the  collar  y  v,  and  temper  it  to  the  same  d^;reey 
bat,  while  expanded  by  the  heat  in  tempering,  introduce  the 
cold  star-piece  and  drive  it  home.  By  proceeding  in  this 
manner,  no  subsequent  hand-fitting  will  be  required,  y  it 
must  not  be  hardened. 

Tools  for  punching  the  crossings  of  wheels  are  sometimes 
made  on  this  system  in  which  the  disc  of  braas  is  fixed  to  a 
support  that  can  be  made  to  reyolye  by  quarters  of  a 
revolution  at  a  time,  and  a  single  punch  serves  to  remove 
the  metal  by  four  separate  operations.  But  as  a  rule  it  is 
better  to  use  four  pundies  together. 

600.  To  repair  wheels. — ^When  the  teeth  of  a  wheel  are 
damaged,  the  onfy  possible  remedy  is  to  provide  a  new  one. 
If,  however,  a  single  tooth  is  broken,  the  following  method 
can  be  adopted,  on  an  emergency,  for  inserting  a  new  one: — 

601.  To  insert  a  new  tooth  in  a  wheel. — Cut  a  small 
noteh  in  the  rim  of  the  wheel,  shown  at  a,  %.  ly  plate  XL, 
which  should  be  dovetailed  if  possible,  and  the  two  sides 
spread  out  slightly  from  the  upper  towards  the  under  side, 
as  indicated  at  c  c.  Cut  a  small  piece  of  weQ-hammered 
brass,  of  the  foim  b,  so  that  the  part  i^  c?  fita  exactly  into  the 
notch  in  the  rim.  Now  invert  the  wheel  and  grip  it  near  to 
a  in  a  pair  of  long-nosed  pliers,  which  must  be  held  in  the 
vice.  Moisten  the  inner  feces  of  the  notch  with  soldering 
fluid  (135)9  and,  placing  B  in  position,  put  particles  of 
solder  round  its  edge ;  holding  the  lamp  beneath  the  noee 
of  the  pliers,  the  solder  will  presently  melt,  and  a  drop  of 
the  fluid  should  be  added  to  fecititate  its  running  into  the 
joint.  Cool  the  wheel  and  wash  thoroughly,  first  with  water 
and  subsequently  with  alcc^L 

It  only  remains  to  file  both  feces  smooth  and  level  with  the 
rim  of  the  wheel ;  then  shape  the  tooth  carefully. 

By  introducing  b  from  the  side  opposite  to  that  which  is 
visible  in  the  watch,  and  sloping  the  feces  if,  i^  to  a  less 
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605.  To  cat  the  teeth  on  the  circamference  the  wheel 
need  only  be  fixed  on  the  chack  of  the  wheel-catting  engine 
as  osoal  by  means  of  the  steel  cone.  The  crown  teeth  are 
cat  while  the  wheel  is  firmly  cemented  to  a  pin-chnck  like 
that  nsed  in  taming  it. 

Other  keyless  wheels  can  be  made  on  the  same  principle, 
and  snch  modifications  as  may  be  necessary  experience  will 
£^gg^^*  Safficient  information  in  regard  to  wheel-cntting 
has  already  been  given  in  454  and  following  articles. 


PINIONS. 

606.  To  make  a  pinion. — ^At  the  present  day  pinions  of 
all  sizes  can  be  obtained  of  the  material  dealers,  so  that  it  is 
very  seldom  that  a  watchmaker  is  obliged  to  make  one  for 
himself. 

In  an  emergency,  however,  he  can  adopt  the  following 
method  for  making  one  oat  of  the  ordinary  drawn  steel;  bnt 
it  should  be  added  that,  in  all  probability,  some  practice  will 
be  needed  before  saccess  is  arrived  at.  Cut  a  length  of  steel 
wire  of  suitable  diameter  about  two-thirds  as  long  as  the  files 
that  are  to  be  used  for  shaping  the  teeth.  Turn  it  down  to 
form  the  axis,  leaving  a  block  near  each  end  equal  in  length 
to  the  required  pinion,  as  if  two  pinions  were  to  be  made  on 
the  same  staff.  Then  cut  and  round  leaves  on  both,  keeping 
the  file  always  in  contact  with  a  leaf  of  each  pinion.  By 
proceeding  thus  the  sides  and  roundings  of  the  leaves  will 
be  maintained  parallel  to  the  axis,  and  there  will  be  no  risk 
of  the  pinion  being  barrel-shaped,  as  is  nearly  always  the 
case  when  a  short  pinion  is  held  in  the  fingers  or  rested  on  a 
block  in  the  vice. 

Proceed  in  the  same  manner  in  smoothing  and  polishing, 
using  pieces  of  some  close-grained  wood,  such  as  walnut. 

It  is  much  easier  to  make  the  pinion  of  the  required  form 
by  means  of  a  revolving  cutter  in  the  lathe,  if  the  workmaa 
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is  not  provided  with  a  special  tool  for  the  purpose :  the 
arrangement  of  the  lathe  is  described  in  article  459. 

In  some  Stories  the  leaves  are  cat  in  two  operations :  a 
cutter  with  plain  fine  saw  teeth  divides  the  circumference 
into  the  requisite  number  of  equal  parts,  the  leaves  being 
subsequently  made  of  the  correct  shape  bj  a  special  cutter, 
the  method  of  making  which  has  already  been  very  ftdly 
explained  in  articles  474 — 49L 

607.  To  determine  the  size  of  a  pinion.— The  follow- 
ing table  is  usually  employed  for  this  purpose,  and  has  been 
already  given  in  the  Treatise  on  Modern  Horology,  to  pages 
619 — 640  of  which  we  would  refer  the  reader  for  detailed 
information  on  this  important  subject.  (See  also  627  and 
the  following  articles  of  the  present  work.) 

To  give  the  approximate  diameter  to  a  pinion,  the  pinion 
calliper  should  include  : — 

For  16  leaves,  6  fnU  teeth ;  th&t  is  to  say,  measiiring  the  distance 

between  the  two  external  faces ; 
,,15      ,,        rather  less  than  6  teeth,  or  5  teeth,  and  jnst  beyond 

the  point  of  the  sixth ; 
,,14      ,,        6  teeth,  measuring  at  the  points ; 
„     12      ,,        5  teeth,  measuring  at  the  points  (or  rather  4^  teeth) ; 

for  a  dock- wheel,  5  fun  teeth ; 
,,     10      „        4  fun  teeth; 

for  a  clock-wheel,  4  squared  teeth ; 
,,      9      ,,        rather  less  than  4  foU  teeth  or  3  fun  teeth  to  the 

point  of  the  fourth  ; 
„      8      „        4  teeth,  measoied  at  the  points,  minuB  a  quarter  of  a 

space; 
t,      7      ,,        rather  less  than  3  fnU  teeth ; 

for  a  dock-wheel,  3  fun  teeth,  plus  a  quarter  of  a 
space; 
,,       6       ,,        3  teeth,  measured  at  the  points,  or  rather  more ; 
for  a  clock- wheel,  3  fun  teeth. 

It  is  important  to  notice  that  these  measures  can  only  be 
regarded  as  a  first  approximation,  and  it  is  only  by  actual 
^al  in  a  depth-tool  that  we  can  be  certain  that  a  pinion  is 
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correctly  sized.  By  taking  the  measures  in  a  micrometer  or 
other  accurately  divided  gauge  provided  with  a  vernier,  the 
work  of  selecting  will  be  much  abndged  ;  but  how  long  will 
it  be  before  the  generality  of  watchmakers  will  make  use  of 
these  convenient  appliances  ?  The  well-known  wheel  and 
pinion  sector,  although  convenient,  is  not  equal  to  them  in 
point  of  accuracy,  and  is  affected  by  an  error  in  measuring  a 
chord,  not  a  true  diameter  of  the  wheel  or  pinion. 

608.  To  increase  or  decrease  a  pinion.— This  subject 

has  been  considered  in  the  Treatise  at  page  625,  where  it  is 
shown  that  the  pitch  circle  of  a  pinion  may  be  increased  by 
reducing  the  thickness  of  the  leaves  in  such  a  manner  that 
their  flat  feces  are  continued  further  on  to  the  rounding  ; 
conversely,  a  pinion  may  be  decreased  by  carrying  this 
rounding  ferther  down  towards  the  base  of  the  leaf. 

609.  To  decrease  a  pinion  without  removing  the 

wheel. — Some  watchmakers  recommend^  that  the  wheel  be 
removed  from  the  pinion,  and,  after  the  necessary  reduction 
has  been  effected  and  the  leaves  re-polished,  again  riveted 
on  the  pinion-neck.  Very  few  workmen,  however,  can  do 
this  well,  so  that  after  the  operation  the  wheel  is  seldom 
found  to  run  true.  If  a  new  pinion  cannot  be  procured,  the 
old  one  must  be  reduced  in  the  manner  described  at  page  641 
of  the  Treatise,  to  which  the  reader  must  be  referred.  We 
would  only  add  that  the  tool  shown  in  fig.  18,  plate  VI., 
and  described  in  article  377  can  be  used  for  this  purpose. 

When  a  pinion  that  is  too  large  is  replaced  by  one  that  is 
smaller,  it  is  necessary  to  take  care  that  the  hole  in  the 
wheel  is  weU  centred  and  not  too  large  ;  in  either  of  these 
cases  it  must  be  enlarged  and  bushed  after  being  centred  by 
the  circumference  (see  articles  409  and  624). 

610.  To  face  a  pinion. — Every  watchmaker  knows  that 
a  pinion  is  smoothed  and  faced  by  means  of  a  polisher 
foimed  as  shown  at  A,  fig.  4,  plate  XIII.^  with  a  hole  in  the 
centre,  and  held  in  one  hand,  while  the  bow  causing  the 
pinion  to  revolve  is  worked  by  the   other  hand.     He 
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figure  is  sufficiently  clear  to  dispense  with  any  farther 
explanation. 

Some  workmen,  instead  of  using  the  runner-shaped 
polisher,  use  the  swing-tool  described  in  article  374,  and 
shown  in  fig.  14,  plate  VI.;  but  the  best  results  are  secured 
by  the  system  explained  in  article  376  (see  also  article 

580). 
611.  To  polish  pinion-leaves  meclianically.— It  was 

formerly  the  custom  to  polish  the  leaves  of  a  pinion, 
holding  it  on  a  block  or  between  two  fingers  and  traversing 
a  strip  of  metal  with  oilstone-dust  backwards  and  forwards 
in  each  space  for  the  smoothing,  and  a  similar  strip  of 
walnut-wood  (with  rouge)  for  polishing. 

This  method  has  long  been  abandoned  in  factories  where 
aU  pinions  are  polished  in  a  machine. 

We  will  proceed  to  explain  a  simple  arrangement  for 
polishing  pinions  in  the  ordinary  turns,  but  it  is  advisable 
first  to  describe  one  form  of  tool  that  is  actually  in  use  on 
the  large  scale  for  this  purpose.  The  two  only  differ  in  their 
dimensions. 

612.  Pinion-polishing  machine. — ^A  frame  B  b,  fig.  5, 
plate  XIII.,  supports  at  its  upper  end  an  H -shaped  piece, 
of  the  same  form  as  the  cutter-holder  in  an  ordinary  wheel- 
cutting  engine  ;  but  the  arbor,  instead  of  carrying  a  cutter, 
is  provided  with  a  wooden  drum  E.  On  the  base  of  the 
frame  is  a  plate  P,  which  can!  be  fixed  by  the  screw  e,  and 
carries  a  second  plate  ^  to  serve  as  a  bed  for  the  shde,  which 
supports  the  pinion  to  be  polished  freely  between  two 
brackets  a,  a.  The  plate  p  can  be  set  a  little  oblique  and 
clamped  by  the  screw  v. 

The  machine  acts  as  follows : — Present  a  comer  of  a 
pinion-leaf  to  the  circumference  of  b  (which  is  caused  to 
revolve  by  a  cord  passing  round  the  pulley  n  n),  the  axis  of 
the  pinion  being  not  quite  at  right  angles  with  that  of  the 
drum,  in  order  that  the  groove  formed  in  the  sofii  wood 
may  resemble  the  thread  of  a'screw,Tand  so  cause  the  pinion 
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to  revolve.  When  the  groove  is  of  suflScient  depth,  ^PP^J 
rouge  if  operating  on  a  small  pinion,  and  emery  for  a  large 
one :  after  a  few  tnms  of  R,  the  slide  carrjing  the  pinion 
being  at  the  same  time  moved  backwards  and  forwards,  the 
pinion  will  be  found  to  be  polished.  A  better  sor&oe  can 
be  obtained  by  using  flour  emery. 

The  steel  wheels  of  keyless  work  can  be  polished  in  the 
same  manner.    (See  579«) 

13.  The  spindle  of  the  screw  e  passes  through  a  rect- 
angular slot  in  B  in  order  that  the  slide  and  its  support  can 
be  moved  parallel  to  the  axis  of  R. 

The  grain  of  the  wood  must  be  at  right  angles  to  the 
axis  of  rotation  of  the  drum,  and  a  wood  that  is  non-fibrous 
is  preferable.  It  must  evidently  not  be  too  hard,  and,  if 
too  soft,  the  thread  formed  on  its  circumference  will  get 
rough,  and  often  will  suddenly  change  position.  When  the 
entire  surface  has  been  worn  it  must  be  re-turned  smooth 
and  cylindrical.  The  larger  a  roller  is,  the  quicker  it  will 
polish  and  the  less  it  will  wear.  Moreover,  it  will  render  a 
proportionately  less  amount  of  motion  of  the  slide  necessary. 
The  root  of  the  walnut  tree  is  specially  sought  after,  but, 
when]  this  cannot  be  obtained,  lime-tree  is  reconmiended ; 
other  woods  can,  however,  be  used. 

In  factories  where  clock  pinions  are  made,  thin  discs  are 
employed  in  place  of  the  drums.  They  are  at  least  a  deci- 
metre (4  inches)  in  diameter,  and  very  narrow  at  the  edge, 
and  scan  be  re-turned  when  worn  with  a  graver  without 
being  removed  from  the  tool,  if  a  X-rest  be  fixed  in  some 
convenient  position. 

The  screw  d  is  for  limiting  the  descent  of  the  drum,  but 
some  workmen  prefer  to  dispense  with  it,  and,  instead,  hold 
the  frame  0  0  in  the  hand,  pressing  it  gently  against  the 
pinion.  They  nrge  that  the  wood  is  never  of  the  same 
degree  of  hardness  round  its  circumference,  and  therefore 
must  of  necessity  wear  irregularly ;  by  holding  o  0  in  the 
hand  the  pressure    on  the  pinion  can  be   more   evenly 
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adjusted,  as  it  is  possible  to  feel  at  once  whether  the  dram  is 
polishing  or  scratching. 

The  inclination  of  the  slide  to  a  plane  at  right  angles  to 
the  axis  of  E  is  measured  by  the  pitch  of  the  screw  formed 
on  the  drum.  But  in  practice  no  special  precautions  are 
taken,  and  it  is  only  necessary  to  incline  the  slide  slightly 
to  the  right  or  left,  until  the  pinion  is  found  to  revolve 
freely. 

The  drum  may  be  from  2  to  3  inches  in  diameter,  and, 
in  order  to  ensure  the  same  degree  of  hardness  throughout 
the  entire  circumference,  it  is  a  good  plan  to  make  the  drum 
of  a  series  of  wedges  cut  so  that  the  grain  in  all  radiates 
from  the  centre.  Beautiful  polished  surfaces  are  obtained 
m  this  manner. 

614.  To  polish  a  pinion  in  the  ordinary  turns. — ^Various-- 
methods  may  be  adopted,  but  the  following  is  one  of  the 
commonest ; — 

Support  the  pinion  between  the  two  centres  J,  d,  of  the- 
pinion-carrier  shown  in  fig.  6,  plate  XIII.,  the  form  of  which* 
will  be  evident  without  explanation.    Best  this  carrier  by 
the  portion  M  against  the  '\'Xefs\,^  pressing  it  against  the- 
drum  at  the  same  time  with  one  finger.    Botating  the  drum 
first  by  hand,  make  the  pinion  cut  a  groove  varying  the* 
inclination  until  it   is  found   to  be  correct,  and,  when 
sufficiently  deep,  charge  with  polishing  material,  and  rotate 
it  with  a  bow,  at  the  same  time  moving  the  pinion-carrier 
backwards  and  forwards  endwise,    A  little  experience  will 
give  the  requisite  skill. 

If  the  pinion  is  not  held  at  a  sufBcient  inclination  it  will 
scrape  and  will  not  revolve.  If  too  much  inclined,  only  the 
roundings  of  the  leaves  will  be  polished,  the  sides  being  left 
untouched.    A  well-formed  groove  will  last  for  a  long  time. 

615.  To  tighten  a  cannon-pinion.— If  it  is  simply 

slack  it  will  be  sufficient  to  increase  the  diameter  of  the  set- 
hands  arbor  by  using  the  tool  described  in  article  363.  But 
if  the  cannon-pinion  is  in  the  habit  of  working  off  this 
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arbor  when  setting  the  hands^  the  arbor  can  be  tapered  a 
little  downwards  ;  or  proceed  as  foUows  : — 

Drill  a  hole  in  the  square  that  receives  the  minute-hand 
in  the  position  shown  at  ay  fig.  8,  plate  X,  and  also  indicated 
by  dotted  lines  at  c% ;  now  turn  a  groove  round  the  arbor, 
also  shown  by  dotted  lines^  at  the  point  Uy  to  correspond 
with  the  hole  a.  Insert  a  pin  in  this  hole,  filing  it  off 
smooth  with  the  surface  at  the  side  at  which  it  enters,  and 
nearly  level  at  the  other  side,  to  be  hammered  over  just 
sufficiently  to  prevent  the  pin  from  working  its  way  out. 
The  cannon-pinion  will  now  be  found  to  turn  with  the 
requisite  degree  of  friction,  and  without  any  tendency  to 
work  up.  It  will  last  all  the  longer  if  both  the  pin  and  the 
groove  in  which  it  works  are  polished. 

SET-HANDS   SQUARE. 

616.  To  make  a  set-hands  nut. — ^This  is  a  small  square 
nut  pinned  to  the  pivot  of  a  solid  cannon-pinion  that  projects 
beyond  the  top-plate  in  some  watches  after  passing  through 
a  hollow  centre  pinion ;  this  construction  has  been  latterly 
discontinued,  but  it  may  be  well  to  explain  the  mode  in 
which  such  a  nut  can  be  renewed  when  necessary. 

Take  a  rod  of  soft  steel  of  a  diameter  half  as  large  again 
as  that  of  the  square  to  be  made.  Drill  a  hole  along  its  axis 
rather  less  in  diameter  than  the  set-hands  arbor  and  cut  off 
the  end  a  little  longer  than  the  square  is  required  to  be. 
Put  this  nut  on  an  arbor  and  turn  it  flat  on  each  end 
(although  still  a  little  long)  and  truly  cylindrical.  Having 
inserted  a  loose  fitting  coned  brass  wire  of  oval  section  into 
the  nut,  hold  it  on  its  side  on  an  anvil.  With  a  sharp  blow  of 
the  hammer  cause  the  cylinder.to  assume  an  oval  form,  so  that 
the  round  hole  is  as  seen  at  A,  fig.  5,  plate  X.,  this  being  the 
section  of  the  end  of  the  set-hands  arbor  itself.  If  the  work 
has  been  carefully  performed  up  to  this  point,  the  steel  nut 
should  now  pass  a  short  distance  on  to  the  arbor  on  applying 
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a  moderate  pressure,  and  it  will  suflSce  to  slightly  alter  the 
form  of  this  latter  in  order  to  ensure  a  perfect  fit.  As  there 
should  be  no  shake  it  is  advisable  that  this  adjustment  be 
made  after  the  nut  is  hardened. 

File  the  two  faces  d  and /parallel  to  each  other  and  to  the 
axis  of  the  oval,  reducing  the  total  thickness  very  nearly  to 
the  amount  ultimately  required ;  then  holding  the  nut  in  the 
pincers  by  these  two  faces  firmly,  but  without  scratching 
them  (or  it  may  be  held  by  a  rod  fitted  to  the  oval  hole), 
form  the  square,  removing  all  the  metal  that  is  beyond  the 
two  vertical  lines  in  the  figure.  Then  set  it  on  an  oval 
arbor  and  turn  the  comers  down  to  the  exact  diameter 
required  ;  pass  the  graver  over  the  two  ends  so  as  to  adjust 
the  length.  It  will  then  be  easy  to  finish  oflf  the  square  and 
round  the  lower  end,  holding  the  nut  on  a  steel  rod  in  a 
pin-vice,  in  the  manner  explained  in  article  711  or  712. 
Drill  the  hole  for  a  pin  after  marking  its  two  ends  on  the 
nut  as  explained  in  article  576,  then,  holding  the  nut  so  that 
it  rests  on  its  lower  fece,  form  a  recess  with  a  chamfering 
tool  held  in  its  axis  ;  the  form  of  this  can  be  modified  if 
required  with  the  rounded  end  of  a  rod  and  oilstone-dust. 

Harden  the  square  and  temper  it  to  a  blue  colour  ;  then 
smooth  its  faces  and  ends,  and  fit  the  square  to  the  set-hands 
arbor.  The  hole  for  the  pin  must  now  be  made  through 
this  arbor,  taking  care  not  to  allow  the  square  to  rise  out  of 
its  place  during  the  operation.  It  only  remains  to  polish 
the  recess  formed  in  the  nut  with  a  rod  rounded  at  one  end 
and  rotated  with  a  ferrule,  and  finish  oflf  the  comers  with 
a  burnisher  and  rouge ;  the  lower  end  is  finished  in  the 
same  manner  as  the  head  of  a  screw. 

617.  We  have  here  considered  the  case  of  a  new  arbor, 
but,  if  fitting  a  nut  to  one  that  is  already  drilled,  proceed 
as  follows  :  Make  the  nut  rather  longer  than  necessary  and 
drill  a  hole  higher  than  the  point  at  which  measurement 
shows  it  ought  to  be ;  then  remove  metal  firom  the  lower 
face  until  the  two  holes  coincide.    The  work  is  simplified  if 
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the  nat  be  made  of  the  correct  height  at  once  and,  ingtead 
of  drilling  a  hole,  a  slit  be  formed  as  in  the  head  of  a  screir, 
the  bottom  of  which  most  correspond  with  the  lower  edge 
of  the  hole  in  the  arbor. 

618.  To  fit  the  set-hands  arbor  to  the  centre  or 

cannon-pinion. — ^We  have  pointed  out  in  article  364,  the 
objections  to  hammering  the  set-hands  arbor  so  as  to  secure 
sufficient  friction  to  make  it  hold  in  either  of  the  pinioni 
through  which  it  passes  in  the  ordinary  form  of  watch« 
Tracing  a  spiral  line  on  its  surfiEice  is  not  much  better  as  the 
metal  thus  caused  to  project  soon  wears  off.  A  better 
method  is  explained  in  article  364f  but,  when  only  a  slight 
increase  of  diameter  is  needed,  the  following  will  suffice  : — 

Boll  the  arbor  on  a  hard  flat  wood  sur&ce  with  a  file  of 
medium  cut,  applying  considerable  pressure  so  that  the 
arbor  is  forced  against  the  file.  If  the  pressure  is  sufficient 
and  maintained  long  enough,  a  dead  rough  surface  will  be 
formed  on  it  which  will  increase  its  diameter  so  that  it  will 
retain  a  small  quantity  of  oil.  It  is  well  to  roughen  the 
sur&ce  rather  more  than  necessary,  subsequently  passing  a 
burnisher  lightly  over  it  until  the  arbor  fits  the  pinion  with 
sufficient  friction* 

As  to  the  making  of  a  set-hands  arbor,  it  will  present 
no  difficulty  to  a  watchmaker  of  even  average  skill  in 
turning  and  filing.  For  a  method  of  forming  the  sqnaze 
mechanically  see  article  571f  and  the  precautions  to  be 
observed  in  making  it  by  hand  are  given  in  articles  711 — 2* 


PIVOTS. 

619.  The  play  of  pivots.— It  may  be  accepted  as 
an  approximate  rule  that  the  play  of  escapement  pivots  in 
their  holes  should  be  as  follows : — 

In  the  cylinder  escapement,  about  one-sixth  the  diameter 
of  pivot. 
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In  the  duplex  escapement,  about  one-tenth  tbe  duoKter 
of  pivot. 

In  the  lever  escapement,  about  one-eig^h  the  diamel/er 
of  pivot. 

A  large  hole  causes  the  pitching  of  the  depths  to  raij 
with  position,  and  a  deficient  plaj  renders  the  escapement 
more  sensitive  to  thickening  of  the  oiL  This  subject  has 
been  very  fully  discussed  in  the  Treatise  on  Modem  Horology, 
and  the  general  conclusion  arrived  at  is  that  the  in- 
<^nveniences  when  the  play  is  somewhat  in  excess  are  less 
dian  when  it  is  deficient. 

The  depth  of  a  pivot-hole  or  the  length  of  its  cylindrical 
acting  sur&ce  may  be  taken  to  vary  inversely  with  its  hard- 
ness.   Thus  a  ruby  hole  is  made  less  deep  than  one  of  brass. 

620.  To  replace  a  pivot. — P^iU  details  have  been 
ah'eady  given  in  regard  to  this  subject,  in  articles  351 — 2. 
The  reader  is  also  referred  to  the  details  given  in  r^ard  to 
^Q  drilling  of  hard  steel  in  articles  828 — 333. 

621.  To  replace  the  pivot  of  a  hollow  pinion.— It 

often  happens  that  the  pivot  of  a  hollow  centre  pinion  is  so 
deeply  cut  that  it  cannot  be  re-polished,  in  consequence  of 
the  careless  manner  in  which  too  many  examiners  finish 
the  centre  holes  (518).  If  the  pinion  itself  is  found  to 
be  still  in  good  condition,  it  can  be  made  serviceable  as 
follows : — 

Cement  the  pinion,  with  its  wheel  attached,  firmly  to  the 
chuck  of  a  lathe  after  having  removed  the  two  worn  pivots, 
and,  when  it  is  accurately  centred,  increase  the  hole  by 
means  of  a  drill  that  is  a  trifle  larger  than  the  original 
pivots  (see  article  328) ;  in  the  hole  thus  enlarged  and 
•carefully  smoothed  insert  a  close-fitting  steel  tube  that  has 
been  hardened  and  tempered  to  a  blue  colour,  which  must 
be  smoothed  and  run  true.  The  portion  of  this  tube  that 
projects  on  either  side  is  then  adjusted  to  the  proper  length, 
and  it  only  remains  to  polish  the  pivots. 

If  only  one  pivot  requires  renewal,  ascertain  whether  there 
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would  be  suflfeient  hold  with  the  hole  enlarged  through 
half  its  length,  and  proceed  as  already  explained. 

We  have  assumed  that  the  shoulders  of  the  original  pivots 
can  be  made  to  serve  again,  but  it  often  happens  that  the 
shoulders  do  not  possess  sufficient  substance,  in  consequence 
of  the  hollows  being  cut  too  deep.  In  such  a  case,  it  is 
hardly  necessary  to  observe  that  the  hole  must  be  drilled 
larger,  so  that,  after  the  tube  has  been  adjusted,  new 
shoulders  can  be  turned  on  it. 

622.  To  redress  a  bent  pivot. — For  this  pui^pose  some 

workmen  merely  use  a  pair  of  pliers  or  tweezers ;  others 
place  the  pivot  in  a  slot  of  the  Jacot  tool,  and  press  on  it  wiDh 
a  burnisher  that  has  little  or  no  cut,  at  the  same  timq  causing 
the  stafp  to  rotate.  Either  of  the  two  following  methods, 
may  be  adopted : — 

Drill  a  number  of  straight  holes  in  a  plate  exactly  ot  right 
angles  to  its  surface.  Now  introduce  the  pivot  into  a  hole 
that  it  fits  with  very  little  play,  and  redress  it  by  causing. the 
staff  to  rotate,  at  the  same  time  holding  the  plate  in  the 
hand.  Caution  is  necessary  since  there  is  some  risk  of 
bending  the  pivot  too  far. 

Or  the  arbor  may  be  placed  between  two  cone-plate 
runners  (255)  in  the  turns,  H  and  b,  fig.  4,  plate  XIII.,  a 
collar  c  having  been  first  fitted  to  B  that  can  be  fixed  in  any 
position  by  a  screw,  and  has  a  projecting  arm  d,  forked  as 
shown  at  d^.  A  small  adjustable  guide  i,  fitted  to  this  fork, 
serves  to  alter  the  depth  of  the  space  d^.  Clamping  the  axis 
of  the  wheel  between  the  two  runners  so  as  to  prevent  its 
rotation,  with  the  bent  pivot  inclined  from  the  letter  b  in 
the  figure,  place  on  the  pivot  a  driUed  punch,  of  brass  or 
steel,  with  its  stem  passing  freely  into  the  space  d^.  Then 
pressing  this  punch  downwards  to  the  stop,  the  pivot  will  be 
straightened,  and  it  only  requires  that  a  burnisher  be  passed 
over  it. 

If  there  is  any  fear  of  the  wheel  moving  it  should  be  held 
between  the  fingers.    The  end  p  of  the  punch  must  pass 
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rather  below  the  horizontal  plane  in  order  to  ensure  that  the 
pivot  is  straightened. 

The  accidental  breakage  of  the  pivot  may  be  guarded 
against,  if  this  is  thought  necessary,  by  first  fixing  a  ferrule 
to  the  end^  of  the  punch  in  order  to  increase  its  weight ; 
then  direct  a  blowpipe  jet  against  the  point  o  and,  when  the 
pivot  is  let  down  to  a  blue  colour,  the  weight  of  the  punch 
will  bend  it  into  a  horizontal  line. 

623.  Pivoting  a  cylinder,  &c.— This  operation  will  not 
present  any  difficulty  if  the  several  heights  are  properly 
taken,  a  subject  on  which  full  in^ructions  are  given  at 
pages  269 — 272  of  the  Treatise.  See  also  the  articles  on 
Beaupuy  files  (240) ,  and  on  compasses  for  measuring 
heights,  &c.  (243). 

624.  Polishing  pivots  in  the  lathe.— Pivots  are  as 

a  rule  polished  by  metal  polishers  provided  with  suitable 
materids,  and  held  in  the  hand ;  in  fig.  9,  plate  YIII., 
however,  is  given  the  design  of  a  machine  by  which  this 
work  can  be  accomplished  when  the  pivotiug  is  done  in  the 
chuck-lathe,  the  pivot  itself  being  free  and  unsupported  by 
a  runner. 

The  bed  p  of  the  instrument  carries  a  wheel  n  which 
engages  with  a  pinion  on  the  axis  of  the  polishing  lap  m. 
The  wheel  n  is  mounted  on  a  clock  stud  passing  through  a 
slot  and  fixed  by  a  nut,  so  that  the  pitching  of  the  two 
mobiles  may  be  modified ;  motion  is  communicated  to  the  lap 
by  simply  placing  the  finger  against  the  teeth  of  E.  The 
bed  can  move  in  a  vertical  plane,  being  pivoted  on  two 
screws  v,  v,  and  the  block  that  receives  the  points  of  these 
is  riveted  to  the  disc  d  d,  which  can  be  made  to  rotate,  with 
friction,  on  the  second  disc  n  w.  This  latter  is  riveted  to  a 
plate  e  fixed  at  the  end  of  a  cylindrical  rod  f. 

It  will  be  evident  that  if  the  rod  P  is  inserted  in  the 
T-rest  support,  the  plate  p  extending  towards  the  back  of 
the  lathe,  this  plate  can  be  raised  or  lowered,  and  moved 
towards  the  right  and  left,  so  that  the  flat  face  of  the  lap 
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can  always  be  brought  in  contact  with  the  pivot  that  is  to 
be  polished.  This  latter  is  cansed  to  rotate  by  a  foot-wheel 
while  one  hand  holds  the  raised  plate  by  the  bntton  a^  and 
a  finger  of  the  other  hand  is  applied  to  the  teeth  of  B, 
causing  the  lap  to  rotate. 

The  upward  motion  of  p  may  be  limited  by  the  edge  of 
the  top  s  of  the  bntton  s  k^  which  is  tapped  so  as  to  rotate 
with  stiff  friction  on  the  pillar  H.  The  stop  2  is  to  prevent 
the  polisher  from  travelling  too  far  towards  the  left  and  thus 
removing  too  much  from  the  shoulder  that  is  to  be  polished. 
The  screw  x,  giving  motion  to  the  sUde  y  is  for  securing 
parallelism  between  the  pivot  and  the  surface  of  the  lap, 
according  as  the  former  is  cylindrical  or  conical. 

For  fine  pivots  it  is  advisable  to  introduce  an  additional 
wheel  and  pinion.  The  finger  will  then  be  better  able  to 
appreciate  the  degree  of  resistance  opposed,  and^  owing  to 
the  increased  velocity,  it  will  be  useless  to  use  oilstone-dust, 
but  rouge  can  be  applied  directly  after  the  turning.  At  0  is 
a  steady-pin  for  maintaining  the  position  of  the  instrument. 
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625.  Every  watchmaker  knows  how  to  proceed  in  ad- 
justing an  ordinary  perforated  bouchon  or  stopping.  We 
would  make  a  few  remarks  on  the  subject  of  bouchons 
generally. 

The  topped  bouchon  is  very  firm,  but,  in  order  that  it  may 
be  well  centred,  it  is  essential  that  its  thread  fits  exactly  the 
tube  of  the  tool  (347),  and  that  the  pointed  rod  is  exactly 
central.  A  turned  bouchon,^  especially  when  a  broach  can 
be  parsed  into  it  afi^r  it  is  in  position,  is  more  easily  made 
central  (see  article  369). 

When  bushing  holes  that  are  rather  large  with  soUd 
bouchons,  after  the  hole  has  been  marked  with  the  pointer 
it  must  be  drilled  with  a  small  drill,  a  larger  one  being 


BUSHDra  PIVOT-HOLBS.  4^>9 

snbseqaentlj  passed  through^  so  as  to  increase  it.    Otherwise 
there  is  great  danger  of  the  hole  taming  to  one  side. 

If  a  hole,  such  as  that  of  the  centre-wheel,  is  bnshed  with 
a  perforated  bouchon,  it  will  often  l>e  found  to  incline  towards 
the  barrel  or  fusee,  so  that  the  hole  is  displaced.  Such  an 
inconvenience  may  be  avoided  by  using  a  bouchon  with  a 
hole  smaller  than  is  ultimately  required,  afterwards  enlarging 
it  with  the  plate  centred  (by  the  bar  pivot-hole)  in  the 
mandril  or  lathe. 

626.  Eiveting  of  bouchons.— Some  watchmakers  have 
found  considerable  advantage  in  replacing  the  sudden  and 
irregular  impacts  of  a  hammer  by  gradual  pressure,  without 
shock,  obtained  by  a  small  press  worked  by  hand  on  the 
principle  of  a  punching-machine.  With  a  well-made  bouchon, 
the  flat  end  of  which  is  slightly  rounded  and  the  inside  of 
the  hole  in  the  plate  finished  with  a  rat-tail  rather  than  with 
a  cross-file,  it  is  found  that  the  riveting  is  always  perfect. 
Others  employ  an  ordinary  pair  of  sliding  tongs,  the  noses 
of  which  are  drilled  to  receive  two  punches,  one  flat  and  the 
other  rounded,  as  in  the  mainspring-punch.  Three  pairs  of 
punches  sufBice  for  all  sizes  of  bouchon,  and  the  same  tool 
can  be  used  for  closing  up  screw-holes,  &c.    (See  366.) 

627.  Movable  bouchons. — ^These  are  for  use  in  regu- 
lator clocks  and  others  of  large  dimensions,  and  a  few  words 
must  sufl&ce  for  their  description.  They  are  the  invention 
of  M.  Alleaume,  and  will  be  understood  from  fig.  4,  plate 
X.  It  is  always  desirable,  with  a  view  to  prevent  wear,  that 
when  metal  pivot-holes  are  used,  the  pivot  should  bear  on  a 
length  equal  to  about  three  times  its  diameter;  but  for  such 
a  condition  to  be  satisfied,  it  is  essential  that  the  axes  of  both 
holes  and  pivots  be  absolutely  parallel.  The  figure  will  at  once 
show  in  what  manner  such  parallelism  is  secured,  c  c  is  the 
plate,  in  section,  in  which  a  hole  is  made  of  the  form  indicated 
by  the  lines  that  bound  the  cross-hatchings.  The  movable 
bouchon  a  is  held  against  a  shoulder,  and  prevented  from 
rotating  by  a  screw,  the  point  of  which  enters  a  small  hole 
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in  the  boachon.  The  pivot  of  B  passes  into  A,  and  this 
latter  is  capable  of  such  sli^t  motion  as  will  ensue  contact 
between  the  snr&oes  throngfaont  their  length. 


DEPTHS. 

628.  To  secure  a  good  depth —The  least  skilful  of 

watohmakeiB  can^  without  mach  difficnltj,  place  a  wheel  in 
the  depthing  tool  in  conjnnction  with  a  pinion,  and  change 
this  latter  nntil  the  two  are  foond  to  run  easilj  together. 
Bat  there  are  comparatiTely  &w  that  are  snfficiently 
acqnainted  with  the  subject  of  depths  to  be  able  to  select 
a  pinion  whose  proportions  are  sach  as  to  satisfy  the  greatest 
number  of  the  conditions  to  be  fidfiUed  by  a  good  depth. 

This  onsatis&ctory  state  of  things  is  dne  in  great  measure 
to  the  employment,  without  any  correction,  of  tables  of  the 
sizes  of  pinions  (607)9  according  to  which  these  sizes  are 
determined  by  a  measurement  on  the  teeth  of  the  wheel 
taken  with  a  pinion  calliper.  This  method,  although  suffi- 
cient for  ascertaining  the  size  approximately,  and  even  for 
securing  a  depth  that  runs  more  or  less  easily,  cannot  be 
accepted  as  an  unvarying  rule. 

Far  from  resting  on  any  mathematical  law,  as  ignorant 
men  urge  in  their  attempt  to  instruct  others,  it  is  only  true 
for  aparticular  number  and  form  of  tooth  in  regard  to  the 
wheel,  and  a  definite  thickness  of  leaf  and  shape  of  the 
rounding  in  r^ard  to  the  pinion.  It  ceases  to  be  true  if 
applied  to  other  numbers  of  teeth  or  to  pinions  that  have 
their  leaves  thicker  or  thinner,  or  the  roundings  different 
from  those  of  the  pinion  first  determined  upon. 

All  this  subject  has  been  very  fully  considered  and 
explained  in  the  Treatise  on  Modem  Horology ;  and  every 
watehmaker  that  is  desirous  of  acquiring  aptitude  in  the 
pitehing  of  wheels  and  pinions  should  specially  study  the 
following  articles  of  that  work : — 
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Causes  of  stoj^page  and  variation  ocmsioned  by  bad  depths, 
1150—3;  To  practically  examine  a  depth,  1164 — 5;  Veri/ica- 
tion  by  Touch,  1156 — 7  ;  To  remove  the  causes  of  stoppage, 
1158—1160  ;  Contrate  depths,  1166. 

See  also  articles  606 — 9  of  the  present  work,  on  Pinions. 

629.  Theoretical  and  practical  depths. — The  fdndamental 
principle  of  every  depth  is  as  follows  : — To  determine  what 
curvature  should  be  given  to  the  teeth  of  the  wheel  which 
drives,  in  order  that  the  tooth  that  follows  (whether  its  side 
be  straight  or  formed  according  to  a  pre-determined  curve) 
shall  be  driven  in  such  a  manner  as  to  secure  the  best 
transmission  of  force,  a  transmission  which  is  in  part 
influenced  by  the  uses  to  be  made  of  the  machine. 

630.  Teeth  formed  like  the  involute  of  a  circle  (see 
Treatise,  pp.  590  and  646)  have  very  marked  advantages, 
but  they  cannot  be  adopted  in  practice,  especially  in  the 
case  of  the  leaves  of  pinions.  The  epicycloid  {Treatise, 
pp.  606  and  613)  can  be  realized  very  approximately  in  the 
teeth  of  wheels  in  horology,  and  such  teeth  can  be  used  in 
conjunction  with  pinion  leaves  having  straight  faces,  the 
construction  of  which  does  not  present  any  difficulty.  This 
explains  why  the  epicycloidal  form  has  been  adopted  by 
watchmakers  ;  but,  although  it  is  more  easily  drawn  than 
the  majority  of  other  curves,  there  are  still  some  obstacles  in 
the  way  of  its  general  application,  mainly  dependent  on 
industrial  requirements.  The  difficulty  is  usually  got  over 
by  forming  the  tooth  according  to  a  circular  arc,  nearly 
identical  with  the  epicycloidal  curve  (see  articles  497 — 9). 

631.  When  two  mobiles  are  of  the  same  diameter,  the 
theoretical  depth  wiU  be  characterized  by  having  teeth  and 
spaces  of  equal  width  j  but,  since  in  practice  the  friction 
with  such  an  arrangement  would  be  excessive,  owing  to  its 
taking  place  on  both  sides  of  the  tooth,  the  teeth  of  the 
wheel  that  is  driven  are  so  far  reduced  in  thickness  as  to 
secure  the  necessary  freedom. 

632.  When  the  two  mobiles  are  very  highly  numbered. 
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the  lead  is]  short,  so  that  the  tooth  of  the  wheel  maj  be  a 
trifle  broader  or  narrower  than  the  space  without  incon- 
venience. 

But  when  using  pinions  of  low  number  (from  6  to  10 
leaves),  this  is  not  the  case.  In  proportion  as  the  width 
of  the  wheel-tooth  is  reduced,  its  ogive  becomes  shorter,  and 
the  most  advantageous  portion  of  the  lead  (that  beyond  the 
line  of  centres)  becomes  less.  And,  besides  this,  account 
must  be  taken  of  the  slipping  towards  the  end  of  the  lead, 
and  the  reduction  in  the  difference  between  the  geometrical 
and  the  total  diametei's  of  the  wheel. 

633.  To  secure  a  good  depth  with  low-numbered  pinions, 
the  leaves  should  not  be  more  than  half  the  thickness  of  the 
space.  If  they  are  thicker  than  this,  it  may  be  found  neces- 
sary to  reduce  the  width  of  the  wheel-teeth,  when  the 
pitching  is  insufBicient ;  but  the  most  serious  objection  lies 
in  the  fact  that  the  pitch  circle  of  the  pinion  will  be 
diminished  in  diameter.  Let  there  be  two  pinions  with 
circular  roundings  and  of  the  same  total  diameter,  but 
having  leaves  of  different  thicknesses — ^that  with  the  leaves 
thick  will  be  found  to  be  too  small,  &c. 

634.  To  calculate  the  vibrations  of  a  pendulum  or 

balance. — Multiply  together  the  numbers  of  teeth  of  the 
wheels,  starting  with  the  one  that  carries  the  minute-hand 
(which  therefore  makes  one  revolution  in  an  hour),  but 
exclude  the  escape-wheel. 

Multiply  together  the  numbers  of  leaves  of  the  pinions, 
commencing  with  the  one  that  engages  with  the  centre- 
wheel. 

If  the  first  product  be  divided  by  the  second,  the  number 
obtained  gives  the  number  of  revolutions  of  the  escape-wheel 
in  an  hour. 

Multiply  this  figure  by  twice  the  number  of  teeth  of  the 
escape-wheel,  and  the  product  is  the  number  of  single 
vibrations  performed  by  the  balance  m-  pendulum  in  one 
hour. 
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ON   THE  APPLICATION  OF  THE  GEOMETRICAL  LAWS 

OF  DEPTHS  TO  PRACTICE. 

635.  It  has  been  urged  that  when  the  geometrical  forms 
of  the  leaves  and  teeth^  as  given  in  scientific  treatises,  are 
accurately  carried  out  in  practice,  the  depths  are  found  to 
be  unsatisfactory  and  liable  to  cause  occasional  {stoppage; 
and  these  &cts  are  brought  forward  as  evidence  that  theory 
and  practice  are  at  variance. 

On  the  contrary,  theory  and  practice  are  in  perfect 
accord :  the  apparent  disagreement  arises  from  an  error  in 
the  application  of  the  geometrical  laws. 

In  copying  the  theoretical  forms  of  the  teeth  of  wheels 
and  leaves  of  pinions,  it  would  be  necessary  to  ascertain  that 
they  were  mathematically  exact,  and  this  is  impracticable. 
Two  conditions  must  be  borne  in  mind  : — 

(1.)  Theory  shows  that  the  mobile  which  drives  should 
be  made  a  trifle  larger  than  the  geometrical  size,  so  as  to 
counteract  imperfections  in  the  workmanship  (Treatise^ 
p.  612). 

(2.)  A  pinion  is  never  made  of  the  exact  mathematical 
proportions,  in  consequence  of  the  processes  that  have  to  be 
adopted  for  cutting,  polishing,  centring,  &c.  If  a  number 
of  pinions  be  taken,  and  if  the  several  dimensions  of  each 
be  determined  by  means  of  a  micrometer  measuring  to 
hundredths  of  a  millimetre  (or  from  two  to  three-thousandths 
of  an  inch),  differences  that  are,  comparatively  speaking, 
large  will  be  found  in  the  diameters,  measuring  between 
corresponding  leaves ;  in  the  thickness  of  leaves ;  in  the 
diameters  of  the  circles  at  which  the  roundings  join  the 
straight  faces,  and  the  general  truth  of  the  pinion  will 
nearly  always  leave  something  to  be  desired.  It  should  be 
added  that  these  faults  will  be  more  marked  according  as 
the  leaves  have  been  more  quickly  made. 
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The  teeth  of  wheels  will  be  found  to  be  characterized  by 
similar  faxjUtB,  although  thej  are  less  marked. 

636.  It  follows  from  these  &cts  that^  in  watches  and 
timepieces^  the  pinion  is  always  a  little  smaller  than  theory 
would  require  ;  thus  the  epicycloid  should  be  struck  with  a 
somewhat  smaller  generating  circle^  and  the  ogive  of  the 
tooth  will  be  proportionately  reduced. 

The  practical  conclusion  at  which  we  arrive,  then^  is  as 
follows  : — ^As  it  is  impossible  to  secure  absolute  perfection 
in  the  teeth  of  small  horological  mechanisms,  their  ogives 
must  be  slightly  more  rounded  at  the  points  than  the 
designs  given  in  scientific  treatises  indicate,  since  these 
latter  are  drawn  exactly  in  accordance  with  the  geometrical 
laws. 

These  remarks  are  of  the  greatest  possible  importance  to 
the  manufecturers  of  both  watches  and  timepieces  ;  they 
point  to  the  feet  that  not  only  the  ogives  of  all  wheel  teeth 
should  be  lower  than  theory  indicates,  but  also  that,  in 
commoner  work,  they  must  be  still  bwer,  according  as  the 
pinions  are  of  more  inferior  quality. 

637.  To  alter  a  keyless  winding  pinion  depth.*— The 

depth  of  the  keyless  winding  wheel  and  pinion  often  occa- 
sions considerable  inconvenience,  and  its  adjustment  requires 
to  be  accurately  made  :  when  the  depth  is  too  deep,  its 
alteration  is  easy,  as  the  roundings  of  the  pinion  leaves  can 
be  reduced,  or  the  stud  or  other  piece  that  cames  the  winding 
wheel  can  have  its  base  a  little  reduced  on  one  side,  so  as  to 
set  the  wheel  a  trifle  out  of  upright  (but  so  slightly  as  not 
to  be  perceptible  to  the  eye,  and  taking  care  that  the  teeth 
remain  on  a  level  with  those  of  the  barrel-arbor  wheel).  A 
shallow  depth  is  somewhat  more  dilficult  to  correct.  If  a 
sufficient  change  cannot  be  made  by  altering  the  support  of 
the  winding  wheel,  one  of  the  following  methods  must  be 
resorted  to : — 

♦  A.  Philippe,  Lea  tnonires  aans  elefs,  p.  213. 
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(1.)  Beset  the  pendant  of  the  case. 

(2.)  Make  a  new  winding  pinion  of  greater  diameter, 
increasing  the  number  of  its  leaves  by  one,  to  correspond  to 
this  change. 

(3.)  Alter  the  position  of  the  movement  in  the  case. 

The  two  first  methods  are  more  especially  applicable  to 
^  new  work,  while  the  third  is  most  convenient  for  jobbers, 
although  of  course  it  can  only  be  resorted  to  with  advantage 
when  the  pinion  has  a  bearing  in  the  pendant.  The  requisite 
change  in  the  position  of  the  movement  can  be  produced  by 
raising  the  rim  of  the  case  that  supports  the  plate,  or  by 
soldering  two  thin  strips  of  metal  on  this  rim,  producing  a 
similar  effect ;  one  on  either  side  of  the  pendant  will  suffice, 
except  when  a  considerable  change  is  necessary,  in  which 
case  they  should  be  set  at  intervals  round  the  rim,  to  avoid 
an  obvious  inclination  of  the  dial.  Or  four  holes  can  be 
drilled  at  equal  distances  apcirt  round  the  edge  of  the  plate 
and  in  its  plane,  so  that  their  edges  overlap  the  position 
occupied  by  the  rim  of  the  case  ;  pins  are  then  set  in  these 
holes  and  filed  away  untU  they  produce  the  requisite  amount 
of  elevation.  Or,  again,  flat-headed  screws  may  be  fitted 
round  the  edge  with  their  axes  at  right  angles  to  the  plane 
of  the  plate  and  their  heads  on  the  dial  side.*  The  depth 
will  then  be  adjusted  by  screwing  these  screws  more  or  less 
into  the  plate. 

It  is  advisable  to  ascertain  tiiat  the  dial  is  not  forced  too 
near  the  glass,  as  such  is  occasionally  found  to  be  the  case, 
necessitating  the  bevelling  of  the  edge  of  the  former. 

ESCAPEMENTS. 

638.  The  consideration  of  the  methods  to  be  adopted 

*  It  ma^  be  weU  to  point  ont  that  the  above  details  relate  to  the 
case  in  which  the  keyless  work  is  on  the  top  plate.  When  it  is  under 
the  dial,  of  course  the  corrections  here  given  for  a  deep  and  shaUow 
depth  will  be  reversed. 
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in  planning,  making,  adjusting,  and  correcting  the  varions 
escapements  used  in  watches,  timepieces,  and  clocks  would 
go  far  beyond  the  limits  of  the  present  work ;  for  it  is  by  no 
means  sufficient  to  indicate,  for  example,  how  to  make  a 
cylinder  or  to  cut  a  pair  of  pallets  ;  the  workman  must  be 
enabled  to  make  or  repair  such  pieces  so  that  a  good  rate  may 
be  secured  both  at  once  and  in  the  future .  He  must  not  only 
know  how  to  recognize  and  avoid  causes  of  stoppage  and 
variation  that  are  due  to  careless  workmanship  or  bad 
proportions,  &c.,  but  also  how  to  correct  such  &ults  when 
they  exist.  We  can  therefore  but  refer  the  reader  to  the 
Treatise  on  Modern  Horology  where  everything  relating  to 
escapements,  depths,  motors,  &c.,  is  fiilly  treated  with  an 
abundance  of  practical  detaiL  Indeed,  no  other  work  exists 
that  affords  so  large  an  amount  of  theoretical  and  practical 
instruction  to  the  horologist.  In  evidence  of  this  fact,  it  is 
sufficient  to  enumerate  the  following  subjects  : — 

Construction  of  the  under-mentioned  escapements,  with 
the  causes  of  their  stoppage  and  variation,  and  the  methods 
by  which  they  may  be  corrected  : — 


Verge  escapement 

Cylinder 

Duplex 

Lever 

Detent 

Timepiece  escapements 

Regulator  clock     „ 

Turret 


i9 

99 
99 


99  99 


pp.  54  to  93 
„  94  „  296 
„  297  ,,845 
„  853  ,,478 
,.   474  ,,515 

„     DjSs   „  dOlr 

„   560  ,,568 
„   569  „  584 


The  remainder  of  the  volume  is  devoted  to  such  subjects 
as  depths,  motors,  the  pendulum  and  balance,  bakmce* 
spring,  springing  and  timing,  compensation,  &c. 

It  should  further  be  added  that  the  numerous  practical 
details  in  regard  to  construction  and  repair  are  due  to  some 
of  the  most  skilftd  and  accomplished  watchmakers. 
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In  the  succeeding  paragraphs  a  few  practical  details  will 
be  given  that  are  not  contained  in  the  Treatise. 

PALLETS. 

639.  In  addition  to  the  articles  in  the  Treatise  devoted  to 
the  consideration  of  the  lever  escapement,  we  would  refer  the 
reader  to  two  lectures  on  the  English  Lever  delivered  by 
Curzon*  where  much  information  of  a  practical  kind  is 
given  and  several  special  tools  are  described  (see  article 
642). 

640.  To  advance  a  (visible)  jewel  in  a  pallet.— Work- 
men that  have  had  much  experience  of  escapement  making 
do  this  without  any  difl&cnlty  by  holding  the  pallet  arm  in  a 
pair  of  tweezers  that  has  been  slightly  warmed,  but  ordinary 
jobbers  will  not  succeed  with  such  a  method  :  they  can, 
however,  effect  the  required  chAnge  as  follows. 

Make  a  small  brass  plate,  E,  fig.  8,  plate  IX.,  with  a  piece  c 
projecting  upwards,  which  the  screw  v  traverses  with  stiff 
friction.  A  saddle  h  is  fitted  to  the  edge  of  the  plate  by 
screws.  A  glance  at  the  figure  will  suflSce  to  show  the  mode 
of  using  it ;  the  pallet  arm  whose  jewel  is  to  be  adjusted  is 
clamped  under  h  with  the  jewel  just  opposite  the  screw  v. 
Now  turn  this  screw  until  it  stands  at  the  distance  from  the 
impulse  face  of  a  through  which  the  jewel  is  to  be  advanced ; 
taking  the  plate  in  a  pair  of  long-nosed  pliers,  hold  them  over 
a  small  lamp  flame,  and  press  with  a  small  screwdriver 
lightly  against  the  point  a,  so  as  to  advance  the  stone  by  the 
requisite  amount  as  soon  as  the  shellac  is  sufficiently  soft. 
A  particle  of  shellac  is  now  placed  at  «,  if  any  cavity  forms 
during  the  process,  and  the  plate  is  laid  on  some  cool  body, 
avoiding  contact  with  the  pallet-staff. 

If  the  stone  projects  below  the  lower  surfiace  of  the  pallets, 
a  small  washer  must  be  placed  underneath  before  clamping 

♦  Hoi'ological  Journal,  VoL  XIX.  (1876-7),  pp.   86-92  ;' and  Vol. 
XXIII.  (1880-1),  pp.  114-116  and  126-183. 

£  E 
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the  screws  of  b,  of  such  a  thickness  that  the  stone  is  jost  on 
the  level  with  the  surface  of  e. 

641.  To  alter  the  form  of  a  pallet  face.— Workmen 
that  possess  the  requisite  skill  and  steadiness  of  hand  can 
alter  the  form  of  a  pallet  jewel,  when  it  is'  necesafuy  to 
modify  the  height  or  form  of  the  impulse  fate,-  by  simply 
using  a  copper  polisher  charged  with  diamond  powder.  The 
polishing  material  employed  is  always  decanted. in  veiy  paie 


oil  (see  article  169),  as  otherwise  it  is  apt  to  scratch  instead 
of  polish.  The  least  fine  quality  is  first  used  when  a 
material  change  has  to  be  effected,  but  if  only  a  very  slight 
alteration  is  necessary,  and  the  adjustment  has  to  he  very 
exact,  only  the  finest  quality  must  be  used,  as  there  is  a 
danger  of  makii^  scratches  that  would  be  veiy  difloult  to 
erase.  We  would  only  add  that  tliis  operation  reqniies  aome 
skill  and  patience. 

For  the  method  adopted  in  making  a  pallet-stone,  see 
article  213. 

642.  To  measure  the  lift  and  all  other  angles,  &c. 
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of  the  lever  escapement. — A  very  complete  instnunent  for 
measuring  these  angles  was  designed  by  Bridgman,  and  is 
described  in  the  Horological  Journal*  Curzon  has  recently 
suggestedt  a  simpler  instrument  which  any  watchmaker  can 
arrange  for  himself,  and  is  quite  sufficient  for  all  practical 
purposes.  This  is  shown  in  figure  23,  and  consists  of  an 
ordinary  depth  tool  to  which  a  scal^  is  added.  A  hand 
adapted  to  the  pallet  staff  supported  between  one  pair  of 
nmners  of  the  depth  tool  gives  motion  to  a  curved  rack 
(shown  by  dotted  lines),  and  this  causes  a  pinion  carrying 
a  second  index  to  rotate,  the  radii  being  so  related  that  the 
movement  of  the  staff  is  magnified  four  times  on  a  scale 
which  can  be  observed  while  the  glass  is  at  the  eye  examining 
the  pallets.  The  index  which  travels  over  the  shorter  scale 
to  the  left  (divided  up  to  10°  on  either  side  of  zero)  is 
connected  with  the  pallet-staff  by  a  fork  and  a  short  arm 
passing  through  the  circular  groove ;  it  affords  a'  convenient 
means  of  moving  the  pallets  w6ile  testing  them,  and  gives 
a  measure,  in  degrees,  of  their  motion.  The  graduated  arc 
shown  at  the  top  is  for  measuring  the  lever  and  roller. 

The  same  authority  describes  several  other  gauges  of 
special  use  in  lever  escapement  making,  for  a  description  of 
which  the  reader  must  be  referred  to  the  lecture  already 
quoted. 

643.  It  may  be  convenient  here  to  give  references  to 
various  papers,  &c.,  that  have  a  bearing  for  the  most  part 
on  the  English  lever  watch,  which  may  be  consulted  with 
tidvantage  by  the  reader  who  is  desirous  of  obtaining  further 
information  on  this  and  cognate  subjects. 

Grossmann's  Prize  Essay  on  ''The  Detached  Leyer  Escapement." 
Leipsic.     1866. 

Scotchford*s  Essay  on  **  The  Lever  Escapement."  Reprinted  in  the 
Horologieal  Journal.    Vol,  XXIV.     (1881—2.) 

♦  Eorological  JoumaL   Vol.  XVIII.  (1876),  p.  173. 
t  Ibid,    Vol.  XXni.  (1881),  p.  114,  125. 
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"Essays  on  the  Compensation  Balance."  Rorohgieai  Journal, 
Vol.  XVII.     (1874—5.) 

Glasgow  on  '  ^  Making  and  applying  Balance  Springs.  *'  Sorologieal 
Journal    Vol.  XVII.,  161,  and  XIX.,  99. 

J.  F.  Cole  on  "  Isochronism  and  Elasticity  of  Metallic  Springs." 
Sorologieal  Journal,    Vol.  XVTII. 

*  *  Bridgfman's  Tool  for  Measuring  Lever  Escapements."  Sorologieal 
Journal,    Vol.  XVIII.,  173,  and  XIX.,  104. 

Bickley  on  "Watch  Finishing."  Sorologieal  Journal,  Vol. 
XIX.,  43. 

Collier  on  "Watch  Examining."  Sorologieal  Journal,  Vol. 
XIX.,  113. 

Curzon  on  "Lever  Escapement  Making."  Sorologieal  Journal, 
Vol.  XIX.,  85  ;  XXIII.,  114,  125. 

Ganney  on  "English  Watch  Bepairing."  Sorologieal  Journal, 
Vol.  XXIII. 

"To  Calculate  Conversions,  Lever  Trains,  Motion  Work,  &c." 
Britten's  Watch  and  Cloek  Makers*  Sandbook. 

644.  Verge  pallets:  to  measure  their  opening.— The 

little  instrament  shown  in  fig.  13,  plate  XII.,  may  be  uaed 
for  this  purpose ;  its  mode  of  action  will  be  easily  understood 
from  an  inspection  of  the  figure. 

One  of  the  pallets  being  held  with  its  flat  &ce  against  the 
base  of  the  graduated  semicircle  by  the  lever  and  spring  B, 
80  that  the  axis  of  the  verge  is  at  right  angles  to  the  plaue 
of  the  instrument  through  the  point  w,  an  index  previouslj 
fixed  to  the  other  pallet  will  show  by  the  graduations  the 
number  of  degrees  of  opening. 

This  index,  shown  at  P,  fig.  12,  must  be  very  light.  It  is 
formed  in  two  parts,  the  body  c  d^  and  the  small  spring  z  z. 
The  pallet  when  held  in  the  notch  c,  must  have  its  &ce  held 
flat  against  c  d  hj  the  spring  z  z.  The  face  c  doi  the  index 
must  be  quite  smooth  and  straight,  so  as  to  avoid  any  error 
in  the  reading  of  the  scale. 

The  pressure-block  c,  fig.  18  (shown  in  plan  and  elevation 
At  0,  fig.  15),  is  movable  on  its  centre,  and  this  centre,  which 
by  an  engraver's  error  is  represented  on  the  line  n  r,  should 
be  a  little  to  the  right  of  that  line. 
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645.  To  open  or  close  verge  pallets.— Some  workmen 

cut  a  notch  at  the  end  of  a  small  rod  in  which  the  middle 
of  the  verge  is  inserted,  the  two  anns  of  the  fork  being 
then  drawn  together  by  a  screw ;  then,  holding  each  pallet 
in  a  pair  of  long-nosed  pliers,  one  in  each  hand,  the  rod  is 
held  in  the  flame  of  a  lamp  and,  as  soon  as  the  body 
of  the  verge  becomes  blue,  it  is  gently  twisted  to  the 
right  or  left  according  as  .the  pallets  require  to  be  opened  or 
closed. 

This  method  is  not  always  convenient,  and  the  following 
may  be  recommended : — 

Support  the  verge  by  its  shoulders  between  two  cone- 
plate  centres  in  a  pair  of  finishing  turns,  as  seen  in  fig.  15, 
plate  XII.  A  carrier  l  is  screwed  to  the  upper  pallet,  and 
prevents  the  verge  from  rotating ;  c  is  a  rod  through  which 
heat  is  conducted  ;  a,  shown  both  in  plan  and  elevation,  is 
another  rod,  which  is  much  longer  than  c,  and  has  a  notch 
cut  at  the  end,  so  that  it  can  be  forced  on  to  the  lower  pallet. 
The  end  d  is  free,  and  the  T'l'^st,  shown  dotted  at  s,  must 
be  brought  neai'ly  into  contact  with  it,  the  distance  between 
them  corresponding  to  the  angle  through  which  it  is  required 
to  alter  the  opening  of  the  pallets.  Now  hold  a  lamp  under 
the  free  end  of  c  and,  as  soon  as  the  body  of  the  verge 
changes  colour,  d  will  descend  by  its  own  weight  until 
arrested  by  s.  The  opening  will  thus  be  increased  or 
diminished  to  the  requisite  extent. 

The  operation  will  be  accomplished  more  quickly  by 
directing  the  blowpipe  flame  against  the  verge  body. 

Of  course  when  diminishing  the  opening,  the  verge  must 
be  held  in  the  reverse  direction  to  that  shown  in  the  figure. 

CYLINDER. 

646.  The  cylinder  escapement  has  been  discussed  at  very 
great  length,  both  from  a  theoretical  and  practical  point  of 
view,  in  the  Treatise  on  Modern  Horology ;  we  shall  therefore 
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only  here  descrilie  a  fonn  of  poliidliing  lathe  not  there  given, 
leferring  the  reader  to  that  work  for  all  informatiQii  on 
the  subject. 

647.  To  polish  the  qrlinder  lips  mechanically.— The 

polishing  of  the  lips  of  a  cylinder  is  one  of  the  most  deUcite 
operations  that  can  be  undertaken  by  a  watchmaker ;  we 
have,  therefore,  endeavoured  to  devise  an  instrument  by 
wiiich  this  can  be  done  mechanically,  and  which  should  at 
the  same  time  be  so  simple  and  so  easily  made  that  any 
watchmaker  should  be  able  to  construct  it  for  himsdl  An 
examination  of  the  cylinders  ordinarily  met  with  shows 
clearly  that  machines  are  used  in  ketones ;  but  not  having 
seen  any  of  these,  we  cannot  say  how  &r  they  resemble  or 
differ  from  the  one  here  described,  and  shown  in  fig.  1, 
plate  XI. 

648.  It  consists  of  two  distinct  parts  which  take  their 
place  in  an  ordinary  pair  of  finishing  turns.  (1.)  The  plate 
P,  supported  on  a  rod  T,  to  take  the  place  of  the  "T-rest; 
(2.)  the  frame  e,  whose  axis  replaces  one  of  the  mnners. 
This  much  being  clearly  understood  from  the  figure,  there 
will  be  but  little  difSculty  in  understanding  the  following 
details. 

On  the  plate  p  is  mounted  a  bracket,  b  b  b^,  held  by  a 
screw  and  washer.  It  has  a  slot  cut  lengthwise,  so  that  <hi 
loosening  the  screw  it  can  be  made  to  slide  towards  the 
right  or  left.  The  vertical  portion  ^  supports  a  fork-shaped 
piece,  d  e,sk  front  view  of  which  is  given  in  fig.  2,  pivoted 
on  a  collet-screw,/,  and  this  may  be  fixed  by  a  pin  passing 
through  its  end  like  a  bolt.  The  upper  end  of  the  fork- 
piece  IB  provided  with  teeth  for  a  purpose  that  will  be 
presently  apparent. 

The  long  spindle,  ^  h,  turns  between  the  two  supports, 
kf  I,  fixed  to  the  plate  P,  under  the  action  of  the  handle  IL 
This  axis  carries  two  excentric  cams,  q  and  R.  When  it 
rotates,  the  excentric  b  causes  the  fork  ^  ^  to  rise  and  &U, 
thus  occasioning  an  oscillating  movement  of  the  rack  d.    At 
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the  same  time  the  other  exccntric  q  presses  against  the  back 
of  the  slide  i  n,  which  moves  freely  in  the  guide  »,  and  is 
always  held  against  the  cam  by  a  helical  spring  y ;  the  slide 
thus  has  an  oscillating  motion  in  the  direction  of  its 
length. 

All  the  details  in  regard  to  the  slide  and  its  guide  will  be 
easily  gathered  from  the  plan  in  fig.  1,  and  the  side  elevation 
in  fig.  3. 

A  small  iron  polisher  is  adapted  to  the  slide  n  i.  Being 
pivoted  on  a  pin  at  one  extremity,  serving  as  an  axis,  its 
end  u  is  pressed  downwards  by  the  light  spring  v  (figs.  1  and 
3),  which  might  be  replaced  by  a  spiral  spring  below  the 
polisher  if  preferred. 

649.  This  being  understood,  we  will  pass  to  the  frame  £. 

The  rod  that  carries  it  is  formed  of  thick  drawn  steel 
pinion  wire,  the  diameter  of  which  is  less  than  that  of  the 
hole  in  the  poppet-head  of  the  turns.  This  spindle  is  pro- 
vided with  brass  collars  at  y  and  z  of  such  an  external 
diameter  as  to  be  received  in  the  poppet-head,  in  which  the 
rod  can  rotate  freely.  By  adopting  this  arrangement,  not 
only  is  the  fiictional  surface  diminished  without  reducing 
the  accuracy  of  the  adjustment,  but  the  apparatus  can  be 
easily  adapted  to  any  pair  of  turns. 

To  the  right-hand  side  of  the  frame  is  fixed,  by  two  screws, 
the  cylinder  carrier  «,  shown  apart  at  x.,  fig.  4.  It  must  be 
removed  in  order  to  set  the  cylinder  in  position  by  cementing 
its  balance  to  the  surface;  care  is  necessary  to  Tnsk&  sure  that 
the  back  of  the  cylinder  shall  be  towards  the  side  e  of  the  frame 
when  the  carrier  is  again  screwed  in  position.  After  having 
thus  replaced  it,  set  the  rack  d  to  engage  with  the  pinion 
wire  at  2?,  in  such  a  manner  that,  when  the  excentric  cam  B 
occupies  the  position  indicated  in  fig.  2,  the  small  iron 
polisher  rests  at  the  middle  point  of  the  cylinder  lip.  Now 
finally  clamp  the  screw  that  fixes  the  support  t. 

The  mode  of  action  of  the  machine  will  be  easily  under- 
stood.   If,  after  charging  the  polisher  with  polishing  rouge. 
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the  handle  m  is  rotated,  the  cam  B  will  impart  an  oscillating* 
angular  movement  to  the  frame  e  through  its  axis  y  2,  and 
the  cam  q  will,  at  the  same  time,  cause  the  polisher  to  move 
backwards  and  forwards,  always  in  contact  with  the  snr&ce 
of  the  lip  during  its  movement. 

650.  The  work  will  be  performed  more  rapidly,  and  the 
polish  will  be  better  if  the  iron  have  a  slight  lateral  motion 
as  well  as  that  in  the  direction  of  its  length.  It  is,  however,, 
more  simple  to  communicate  a  longitudinal  oscillating  move- 
ment to  the  cylinder,  and  this  answers  the  same  purpose  ;  it 
is  only  necessary  to  make  two  small  additions,  the  spiral 
spring  0  and  the  nttle  cock  a.  The  latter  is  fixed  to  d  in  an 
inclined  position  (as  indicated  at  a),  and  this  inclination 
can  be  varied  by  merely  turning  the  left-hand  screw.  It 
will  be  evident  that  wlien  d  is  ascending  the  cock  will  posh 
the  spindle  y  z  forward;  and  when  d  descends,  this  spindle 
will  be  brought  back  to  its  initial  position  by  the  pressure  of 
the  spring  (?,  which  is  simply  placed  over  the  end  of  the 
opposite  runner.  This  longitudinal  movement  must  be  but 
slight,  and  it  can  be  made  as  Httie  as  desired  since  it  depends 
solely  on  the  inclination  of  a. 

651.  Observations. — (1)  The  angular  motion  of  the 
frame  e  must  be  sufficient  to  enable  the  polisher  to  act  on 
the  entire  surface  of  the  lip.  The  extent  of  this  movement 
is  determined  by  the  size  and  the  degree  of  excentricity  of 
the  cam  e.  The  greatest  motion  will  occur  when  the  spindle 
passes  through  the  hole  1  (fig.  2),  and  it  will  gradually 
become  less  as  the  holes  2,  3,  &c.,  are  used.  The  cam  q 
should  also  have  two  or  three  holes  for  varying  its  excentricity^ 
These  cams  may  be  made  of  hard  wood,  ivory,  &c. 

(2.)  The  iron  polisher  may  be  replaced  by  a  piece  of 
flexible  spring  fixed  by  a  screw  to  the  slide  ;  but  its  pressure 
is  less  uniform. 

(3.)  The  bent  arm  Wy  figs.  1  and  4,  is  clamped  to  the 
plate  p  by  a  screw  d,  and  the  long  arm  b  (fig.  4)  bears 
against  the  back  of  the  poppet-head,  and  thus  ensures  the 
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Steadiness  of  P.  To  ensure  steadiness  by  its  means,  b  is 
drawn  back  in  the  direction  of  the  arrow,  then  hooked 
behind  the  poppet-head  and  clamped  by  the  screw  d.  The 
firmer  the  support  is  the  better. 

(4.)  The  machine  may  be  arranged  so  that  the  two  lips 
can  be  polished  at  the  same  time,  but  it  then  becomes 
more  comphcated.  In  the  tool  here  described,  as  soon  as 
one  lip  is  polished  the  cylinder  carrier  is  unscrewed,  turned 
round,  and  screwed  against  the  left  arm  of  the  frame  £,  in 
which  are  two  screw-holes  opposite  to  those  in  the  right-hand 
arm.  Unscrewing  the  slide  b  by  the  X"^st  carrier  is  moved 
along  the  lathe  bar  until  the  polisher  is  over  the  lip  ;  b  b 
having  been  set  in  position  is  clamped,  and,  after  seeing  that 
iv  has  a  bearing,  the  second  hp  may  be  pohshed. 

(5.)  The  cylinder  carrier  shown  at  x,  fig.  4,  is  used  when 
the  balance  is  in  position.  For  a  plain  cylinder  without  its 
balance  another  form  of  carrier  is  employed  that  has  at  the 
edge  of  its  central  hole  a  small  but  solid  projecting  shell  to 
which  the  cylinder  is  cemented. 

652.  Methods  of  obtaining  continuous  motion. — Rapid 
work  is  not  possible  when  a  simple  handle,  as  shown  at  M,  is 
used  for  working  the  apparatus ;  recourse  may,  however,  be 
had  to  one  of  the  following  methods  : — 

(1.)  Mount  a  small  pinion  with  a  square  hole  at  its  centre^ 
and  make  it  engage  with  a  large  wheel  driven  by  a  handle. 
This  wheel,  having  a  greater  number  of  teeth,  will  pro- 
portionately increase  the  rate  of  motion. 

(2.)  At  ^  fix  a  ferrule  that  gives  a  continuous  movement 
in  one  dii^ection  as  described  in  article  320,  and  drive  it  with 
a  long  bow. 

(3.)  Take  a  powerful  clock  movement  and  connect  up  its 
centre  arbor  with  the  axis  g  h  ;  having  wound  up  the  main- 
spring, allow  it  to  run  down  as  long  as  it  possesses  sufficient 
power  to  drive  the  mechanisnu 

(4.)  Fix  a  ferrule  at  /i,  and  drive  it  by  the  aid  of  a 
foot- wheel. 
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653*  Various  small  tools  for  holding  escape-wheels  while 
cleaning,  testing  the  evenness  of  their  division,  &c.,  are 
described  in  articles  356 — 9  of  part  IV. 


BALANCE. 

654.  The  method  of  making  a  plain  balance  is  explained 
in  articles  596 — 1.  For  fiill  details  in  regard  to  the 
compensation  balance,  see  pp.  741—4  of  the  Treatise.  (See 
also  548)* 

BALANCE-SPRING. 

655.  To  make  a  balance-spring.— This  is  one  of  the 

most  important  pieces  in  a  watch  as  influencing  the 
uniformity  in  its  rate.  We  would  refer  the  reader  to  the 
articles  on  Springing  and  Timing  in  the  Treatise  on  Modem 
Horology y  where  very  full  details  are  given  in  regard  to  the 
balance-spring,  and  where  the  methods  of  making  those  of 
both  cylindrical  and  flat  form  are  described.  Some  additional 
details  are  however  given  below  (663). 

656.  To  select  a  balance-spring. — ^Various  methods  are 
adopted  for  this  purpose.  The  most  common,  by  which  the 
strength  is  ascertained  from  the  length  of  cone  formed  by 
hanging  the  balance  from  the  inner  coil  of  the  spring  while 
the  outer  is  held  in  a  pair  of  tweezers,  is  described  at  page 
222  of  the  Treatise.  A  more  exact  method,  based  on  the 
same  principle,  is  to  employ  the  small  gauge  shown  in 
fig.  24. 

A  vertical  pillar  nn\B  fixed  on  a  smooth  plate  B,  and  the 
slide  c  is  held  by  friction  in  any  position  on  n  n.  Place  c 
so  that  the  distance  between  c^  and  B  is  equal  to  the  distance 
between  the  end  of  the  lower  balance-staff  pivot  and  the 
balance-spring  collet.  Having  now  fitted  the  spring  in  this 
collet,  raise  the  balance,  by  tweezers  holding  the  outer  coil, 
until  the  lower  pivot  just  rests  on  b.    The  graduations  on  c 
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will  then  afford  a  measure  of  the  extension  of  the  spring, 
and  this  extension  shonld  abont  eqnal  the  radius  of  the 
balance  measored  on  the  same  scale. 

When  the  number  of  vibrations  performed  in  an  honr  is 
known,  we  have  shown  at  page  239  of  the  Treatise  that  a 
spring  may  be  selected  by  fitting  it  to  the  balance  and,  while 
holding  the  outer  coil  in  the  tweezers,  supporting  the  lower 
pivot  on  a  hard  smooth  snr&ce ;  the  balance  is  then  made  to 
vibrate,  and  the  vibrations  are  counted.    The  spring  need 
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Fig.  24. 


not  be  pinned  into  the  collet,,  but  may  be  attached  by  wax 
to  the  top  pivot. 

See  also  articles  539 — 543  on  the  rapid  timing  of  a 
watch. 

657.  To  fix  a  balance-spring  to  its  collet— A 

common  way  of  doing  this  is  to  put  the  collet  on  a  wire  or 
broach  which  is  held  in  one  hand  while  the  other  presents 
the  inner  end  of  the  spring,  held  in  tweezers,  to  the  hole  in 
the  collet;  subsequently  fixing  it  with  the  pin.  The 
following  is  a  more  convenient  method : — 

At  the  middle  of  a  brass  plate  is  a  boss  tapped  through  a 
vertical  hole  in  its  centre  to  receive  a  small  screw  with  flat 
head.    When   the  collet  is  fixed  by  this  screw    passing 
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through  it,  the  operation  of  setting  the  spring  in  positiou 
and  pinning  it  will  be  much  facilitated,  and  the  plate  wiU 
at  the  same  time  afford  a  means  of  testing  its  paralielism. 
Two  or  three  screws  with  heads  of  various  sizes  should  be 
provided,  and,  in  order  that  they  may  be  always  available, 
they  should  be  screwed  into  holes  at  a  comer  of  the  plate. 

This  tool  might  be  made  of  further  use  by  adding  an 
arraagement  for  holding  the  stud  while  driUing  it,^h  a 
view  to  ensure  that  the  hole  is  at  the  proper  height. 

658.  Balance-spring  gauge. — A  back  view  and  side 
elevation  of  this  are  shown  in  fig.  15,  plate  VII. ;  it  can  be 
made  without  difficulty  by  any  watchmaker. 

Through  the  middle  of  the  plate  passes  a  staff  a  h  lightly 
pivoted  between  the  cock  p  and  the  plate,  and  projecting  on 
the  left-hand  side  as  far  as  the  point  a.  Between  the  cock 
and  plate  it  carries  the  collet  of  the  spiral  spring  s  and  the 
stop-finger  d  c^  and  at  the  point  2J  is  a  light  finger  y  z  that 
passes  over  the  graduations  on  the  dial. 

When  the  stop-finger  d  c  is  free  it  stands  in  the  direction 
of  the  dotted  line  i ;  on  rotating  the  staff,  by  taking  hold 
of  the  pivot  a,  in  the  direction  of  the  arrow  ^,  the  extremity 
c  of  the  finger  will  be  brought  round  till  it  presses  against 
the  inclined  plane  r,  which  it  will  force  back  and,  on  coming 
against  the  stop  near  r,  it  will  be  held  fast  in  the  notch  of 
the  small  bent  lever  that  terminates  at  r.  A  spring- 
maintains  this  lever  always  against  a  pin  set  in  the  plate. 
The  index  finger  y  z  will  now  be  standing  over  the  zero  of 
the  scale,  and  will  be  maintained  in  that  position  until  the 
finger  ^  c  is  released  by  a  momentary  pressure  of  the  hand 
on  the  push-piece  n^  when  it  will  fly  back  to  the  initial 
position  corresponding  to  the  dotted  line  e. 

659.  The  instrument  is  used  as  follows  : — 

The  small  sliding  holder  H,  which  is  shown  in  section  at 
£  (both  of  these  figures  being  much  enlarged  since  it  is 
extremely  fine  and  light),  has  a  hole  through  its  centre  that 
fits  on   to  the  axis  at  a.     Having  set  a  balance-springy 
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in  the  clip  as  indicated  at  £,  place  H  on  the  pivot  a, 
tightening  the  slide  so  that  it  can  be  used  to  rotate  a  b,  and 
bring  the  stop-finger  ronnd  to  the  position  d  c.  Holding 
the  outer  coil  of  the  spring  in  tweezers  at  v,  its  inner  coil 
being  held  in  the  clip,  release  the  bent  arm  by  means  of  the 
push-piece,  n.  The  point  on  the  dial  at  which  the  finger 
//  z  is  arrested  will  give  a  measure  of  the  force  of  the 
balance-spring  v. 

It  will  be  evident  that  a  spring  can  now  be  easily  selected 
of  the  same  strength  as  v,  or  stronger  or  weaker  within 
definite  limits  which  will  become  well  known  when  some  use 
has  been  made  of  the  instrument. 

The  entire  mechanism  is  enclosed  within  a  box  that  is 
covered  by  a  glass,  through  the  middle  of  which  a  hole  is 
made  for  the  passage  of  a.  The  spring  «  is  of  about  the 
strength  ordinarily  used  for  18-line  watches. 

660.  To  set  a  Breguet  spring  in  position.— To  the 

the  strength  of  a  fiat  spiral  spring  that  is  to  be  formed  into 
a  Breguet  spring,  it  must  first  be  attached  by  its  collet  to 
the  balance-staff.  As  the  outer  coil  cannot  be  held  in  the 
stud  owing  to  its  being  so  near  to  the  pivot-hole,  it  must  be 
held  in  the  clip  b  of  the  little  appliance  shown  at  s,  fig.  15, 
plate  VIII.  Holding  the  watch-plate  between  a  and  c,  the 
arm  n  can  rise  or  fell  on  the  rod  A,  and  b  can  be  brought  to 
such  a  position  that  it  grips  the  spring  at  a  point  just 
beyond  the  stud,  so  that,  when  the  spring  is  turned  inwards, 
the  point  held  may  be  brought  up  to  the  stud.  The  spring- 
ing of  the  watch  can  thus  be  proceeded  with,  and  springs 
tried  until  one  of  the  required  strength  is  obtained.  It  then 
only  remains  to  give  the  spring  the  double  curvature,  and  to 
take  care  that  the  end  of  the  overcoil  is  brought  sufBciently 
near  to  the  centre. 

Since  the  action  of  a  Breguet  spring  is  more  free  than  that 
of  an  ordinary  fiat  spring,  the  watch  may  be  found  to  lose 
slightly  ;  it  is  advisable  therefore  to  time  the  watch  before 
making  the  bend,  so  as  to  show  a  gain.    A  little  experience 
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will  enable  the  watchmaker  to  avoid  being  much  out,  and 
any  trifling  error  that  there  may  be  is  corrected  either  by  a 
di^lacement  of  the  bend  or  by  altering  the  central  coil. 
If  the  latter  method  is  to  be  resorted  to,  it  is  better  that  the 
watch  should  lose  rather  than  gain  a  little. 

661.  To  flatten  an  ordinary  balance-spring.— Kemove 

the  collet  and  stud,  and  clamp  the  spring  by  a  central  screw 
between  two  plates,  which  are  then  placed  on  a  blueing  tray 
and  gently  heated.  A  small  piece  of  whitened  steel  is  laid 
on  the  plate  in  order  to  see  that  the  heat  does  not  exceed 
what  is  needed  to  give  a  blue  temper.  Allow  the  plates  to 
cool  and  separate  them. 

Ordinarysprings,beingmade  of  rolled  steel  and  subsequently 
coiled,  always  open  out  on  heating  ;  it  is  therefore  necessary, 
before  resorting  to  the  above  method,  to  coil  up  the  spring, 
as  otherwise  the  outer  turn  will  be  found  to  have  opened 
beyond  the  stud. 

662.  To  diminish  the  strength  of  a  balance-spring. 

— Scraping  the  end  or  the  entire  length  always  renders  the 
spring  defective.  Dipping  in  acid  is  very  Uttle  better.  It 
is  preferable  to  imbed  the  spring  in  cork  or  soft  pith,  and 
work  it  over  a  ground-glass  plate  covered  with  oilstone-dust 
that  is  fine  and  smooth.  This  method  might  be  resorted  to 
for  reducing  the  height  of  a  mainspring. 

If  the  cork  or  pith  is  hard  and  only  a  Uttle  metal  has  to 
be  removed,  the  operation  is  successful ;  but  it  is  apt  to  result 
in  more  metal  being  removed  from  the  edges  than  from  the 
centre.  When  much  has  to  be  removed,  the  spring  must 
be  cemented  to  the  polishing  plate  (shown  at  G,  fig.  17,  plate 
VI.,  and  described  in  article  378)  with  fine  wax,  thoroughly 
liquid,  so  that  on  pressing  the  spring  all  its  coils  may  come 
in  contact  with  the  plate  ;  it  must  be  held  thus  until  cold. 
Now  adjust  the  levelling  screws,  so  that  the  whole  surface 
bears  fiat  on  the  glass  ;  rub  it  as  long  as  is  considered 
necessary,  and  detach  the  spring  as  soon  as  the  plate  is 
ciently  heated  ;  boil  in  alcohol  to  clean  its  surface. 
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663.  FoUsbing  the  coils  of  a  flat  bolance-spting.— 

;\iter  a  sprii^  has  been  made  and  hardened  ae  c:q)Iaiiied  at 
page  772  of  the  Treatise  on.  Modern  Horohijij,  Glasgow 
recommends  the  following  method  of  poliflhlng  their  coils  in 
a  valuable  practical  paper  on  this  subject : — " 

Take  a  piece  of  wood  or  large  pith  coned  at  one  end  and 
liAving  a  pin  projecting  about  half  an  inch  from  the  te^x  ot 


Fie.  25. 

this  cone,  as  seen  in  fig.  25 ;  patting  the  spring  over 
tiiia  pin,  draw  its  outer  coil  down  by  the  thumb  of  the  left 
hand,  and  with  a  well-worn  bntEh  chained  with  red-stuff 
polish  the  outer  coils,  tnming  the  spring  when  one  side  is 
done  to  repeat  the  proceBs  on  the  other.  The  inner  sides 
are  more  difficult  to  polish.  If  the  sprit^  be  placed  on  a 
Diece  of  flat  cork  and  a  finely-cut  peg  be  inserted  aa  shown 

•  SerolagicalJoiinial.    Vol.IVII.  (1874— 6), p.  161. 
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iu  fig.  26,  and  pressed  firmly  on  the  cork,  the  spring  will 
take  a  conical  form,  and  by  moving  the  peg  (supplied  with 
red-stuff)  backwards  and  forwards  and  also  in  a  lateral 
direction,  the  inside  will  soon  be  pohshed ;  bat  great  care 
must  be  taken  not  to  bend  the  spring  during  this  process, 
as  it  would  thereby  be  spoilt.  The  flat  edges  are  poliahed 
on  writing-paper  rubbed  over  with  red-stuff  in  the  manner 
explained  above  for  reducing  the  strength  of  a  spring. 
Wash  it  in  benzine  and  the  spring  is  ready  for  blueing. 

664.  Boz6  balance-spring.— Fig.  7,  plate  XIV.,  was 

added  in  the  French  edition  of  this  work  as  explanatory  of 


Fig.  26. 

paragraph  1377  in  the  Treatise  on  Mode)'n  Horology,  Itw 
therefore  unnecessary  to  again  consider  this  special  form  of 
spring. 

665.  Various  small  tools  relating  to  the  balance-spring 
are  described  in  articles  350,  360 — !• 

666.  To  harden  gold  springs.— Gold  detent,  ther- 
mometer, suspension  and  balance  springs  can  be  obtained  of 
a  high  degree  of  elasticity  (see  p.  773  of  the  Treatise  aad 
art.  113).  Rolling  hardens  them,  but  renders  them  very 
brittle.  They  can  be  made  supple  and  elastic,  not  by 
hardening,  as  in  the  case  of  steel,  but  by  annealing,  care 
being  taken  not  to  exceed  a  certain  degree  of  heat.  The 
spring  may  be  coiled  on  a  block  and  placed  in  a  tube  that 
has  a  smooth  steel  lid,  then  heat  the  tube  in  the  flame  of  a 
spirit  lamp,  and,  as  soon  as  the  steel  is  of  a  blue  temper, 
remove  the  flaine  and  allow  the  whole  to  cool. 
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Or  ignite  t.wo  peats  and,  as  soon  as  their  surfaces  are  white 
and  flakey,  place  the  spring  coiled  on  a  block  between  them, 
so  that  it  is  completely]surrounded  ;  leave  them  in  this  position 
until  the  whole  is  quite  cold. 

Others  anneal  by  keeping  the  spring  in  boiling  oil  for  a 
definite  period. 

The  hardness  of  a  gold  spring  increases  with  the  propor- 
tion of  alloy  it  contains,  and,  if  well  annealed,  it  will  be  very 
elastic  and  will  break  when  bent  too  far,  as  in  the  case  of 
steel. 

INDEX  AND    ENDSTONE    CAP. 

667.  Any  watchmaker  should  be  able  without  diflSculty 
to  make  these  pieces.  The  external  edge  of  the  endstone 
cap  is  polished  while  cemented  to  the  end  of  a  chuck  by 
holding  a  spindle,  with  a  conical  hole  at  the  end  large  enough 
to  enclose  the  cap,  against  it,  the  hole  being  supplied  with 
polishing  powder. 

The  projecting  portion  of  the  ring  of  the  index  is  polished, 
on  its  upper  surface,  in  the  same  manner,  and  the  bevel  is 
polished  from  the  upper  side  by  using  a  spindle  with  rounded 
end. 

To  polish  the  two  arms  that  are  respectively  the  pointer 
and  the  curb-pin  arm  of  the  index,  it  is  fixed  on  a  bar,  c  d, 
fig.  17,  plate  VIII.,  which  must  be  supported  between  the 
runners  of  a  pair  of  turns.  The  pin,  a,  set  in  the  ferrule^ 
oscillates  between  the  arms  of  a  fork  /screwed  to  a  runner 
of  the  turns,  and  by  using  a  bow  on  the  ferrule  a  rapid 
backward  and  forward  movement  is  given  to  the  index, 
while  a  large-size  smoothing  or  poUshing  iron,  charged  with 
oilstone-dust  or  rouge,  is  made  to  traverse  the  two  arms 
both  lengthwise  and  crosswise :  the  operation  is  finished 
with  a  piece  of  wood  and  a  burnisher. 

The  oscillating  movement  may  be  produced  by  a  finger 
resting  on  the  ferrule,  or  by  leaving  the  runner  undamped^ 
the  collar  r  resting  against  the  poppet-head. 
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Other  methods  ait,  of  comae,  adopted,  bnt  the  above  can 
be  resorted  to  }fj  any  watchmaker. 

When  the  index  u  flat,  the  aorface  of  the  bar  c  d  ahofild 
be  below  the  line  of  centres. 

668«  To  ease  an  index  cm  its  endstone  cap.— It  is  a 

common  bnt  bad  practice  among  watchmakers  to  scrape  the 
inside  of  the  ring  of  the  index  or  to  cut  it  throogh.  A 
better  method  is  as  follows  : — ^Besting  the  index  on  a  cork, 
cover  the  inside  of  its  ring  with  oilstone-dnst  and  make  the 
cap  Hitat/;  in  ]t<s  seat  by  means  of  a  pinion  calliper,  the  two 
jK;ints  of  which  an;  inserted  in  the  screw-holes.  The 
ofieration  is  rejjeated  as  often  as  maj  be  required. 

DJAL-PLATE. 

089.  To  cut  the  large  hole  in  a  timepiece  dial-plate. 

— Some  workmen  cut  the  hole  in  the  dial-plate  of  a  time- 
piece by  means  of  a  strong  pair  of  compasses,  one  1^  of 
which  terminates  in  a  bnllet-nose  that  is  supported  in  a 
central  hole,  while  the  other  is  provided  with  a  hardened 
cutting  \H)\ni  that  serves  to  scrape  out  a  groove. 

Others  use  a  rule  that  revolves  on  a  conical  point  and 
carries  a  slide  with  a  tracing  point  which  can  be  replaced 
by  a  sharp-prnnted  cutter.  Proceed  in  exactly  the  same 
manner  as  when  using  the  compass,  but  a  greater  force  can 
be  applied,  because,  while  one  hand  steadies  the  centre,  the 
ftan  force  of  the  other  is  applied  to  the  cutter. 

A  third  and  still  simpler  plan  is  adopted  by  some  clock- 
makers.  A  rod  of  the  diameter  of  the  central  hole,  and  a 
cutter  of  which  only  the  cutting  point  projects,  are  gripped 
in  the  vice  at  a  distance  apart  equal  to  the  radius  of  the 
hole  to  l)e  made.  Then  passing  the  rod  through  the 
central  hole  and  holding  the  plate  in  both  hands,  rotate  it, 
at  the  same  time  applying  pressure  so  as  to  cause  the  cutter 
to  foim  a  groove.  When  a  moderate  depth  has  been 
attained,  invert  the  plate  and  cut  one  on  the  opposite  side. 
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Care  is  necessary  when  the  grooves  are  on  the  point  of 
uniting ;  on  the  removal  of  the  centre,  smooth  the  edge 
with  a  half-round  file.  Some  workmen  consider  it  more 
convenient  to  set  the  cutter  and  rod  in  a  thick  piece  of 
wood  that  is  rounded  at  the  top  and  made  flat  on  its  two 
sides  towards  the  bottom,  so  as  to  be  firmly  held  in  the 
vice. 

The  method  adopted  for  determining  the  position  of  dial- 
feet  holes  is  given  in  article  676. 


DIALS. 

ENAMEL   DIALS. 

670.  To  make  an  enamel  dial.— The  following  parti- 
culars in  regard  to  the  method  to  be  adopted  in  making  such 
a  dial  are  taken  from  the  report  of  a  lecture*  delivered  by 
Willis,  a  well-known  manufacturer  in  Clerkenwell : — 

The  copper  blank  is  first  to  be  made.  This  is  done  by 
laying  a  piece  of  the  metal  on  a  steel  die  of  the  required 
size,  and  forming  the  centre  hole  with  a  conical  punch. 
File  off  the  top  of  cone  thus  formed,  and  open  the  hole  with 
a  round  broach  to  correspond  with  the  hole  in  the  die  ;  cut 
the  copper  round,  leaving  sufficient  to  make  a  rim  to  hold 
the  enamel,  and  the  rim  must  then  be  reduced  so  that  the 
dial  may  not  be  thicker  than  is  necessary.  Now  lay  the 
copper  on  the  frame  and  mark  the  places  for  the  feet,  which 
may  be  brazed  on  with  spelter  or  soldered  by  using  silver- 
plated  wire.  The  latter  method  is  by  far  the  best.  A  piece 
of  the  wire  having  been  cut  off  with  a  flat  end  is  moistened 
in  the  mouth,  placed  in  position,  and  the  blowpipe  jet 
directed  against  it.  On  attaining  a  red  heat,  the  silver  will 
run  down  and  form  a  joint  as  firm  as  the  metal  itself, 

*  Horological  Journal,  VoL  XIX.  (1876—7),  p.  66. 
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without  there  bemg  any  risk  of  displacing  the  foot.  After 
cleaning  and  pickling  in  dilute  sulphuric  acid,  the  blank  is 
laid  on  a  die,  flattened  with  a  spatula,  and  slightly  raised 
lunette-shape  :  it  is  then  ready  for  enamelling. 

The  enamel  (for  composition  of  which  see  194)  is  reduced 
to  a  powder  as  follows : — Place  a  small  quantity  in  the 
furnace  (251),  and  when  nearly  red-hot  plunge  under  cold 
water.  It  may  then  be  easily  broken  and  pulverized  in  a 
mortar  to  about  the  coarseness  of  sand,  the  exact  d^ree 
depending  on  the  enamel  used,  and  great  care  is  needed  in 
grinding  to  obtain  the  grains  of  even  size.  Now  lay  on  the 
fine  powder  (made  into  a  paste  with  water)  by  means  of  a 
spatula,  tapping  lightly  to  secure  an  even  surface ;  the 
"  blank  "  is  then  laid  on  a  cloth  to  dry.  Set  it  afterwards 
on  a  block  covered  with  soft  wax,  and  lay  on  the  top  sur- 
face ;  this  is  a  delicate  operation  since  it  is  necessary  to  avoid 
making  the  surface  either  concave  or  convex.  The  dials 
are  next  dried  and  fired,  but  not  run  to  a  level  surface,  as 
they  would  not  in  that  case  stand  the  second  firing.  When 
cold,  examine  them  carefully,  picking  out  any  spots  with  a 
graver.  Grind  off  the  surface  level,  and,  after  washing  and 
drying,  again  introduce  into  the  furnace  to  obtain  a  shining 
surface. 

671.  The  blank,  now  known  as  a  white,  is  thus  in  & 
condition  for  painting  the  figures.  Divide  the  surface  with 
pencil-lines  while  it  is  fixed  on  a  division-plate  provided 
with  a  revolving  radial  rule.  The  paint  used  is  a  black 
enamel  that  fuses  at  a  lower  temperature  than  the  dial  itself. 
This  is  ground  extremely  fine  and  made  into  a  paste  with 
oil  of  spike  lavender.  Draw  in  the  hour  numbers  roughly 
and  dry  with  very  gentle  heat ;  cut  off  their  ends  with  an 
ivoiy  point  in  a  pair  of  compasses,  and  rule  them  true  with, 
a  similar  point.  Other  marks  on  the  dial  are  painted  in 
with  a  fine  brush.  After  again  firing  the  dial,  resting  it  on 
a  flat  fireclay  ring,  set  it  to  lie  flat,  by  pressing  lightly 
and  evenly,  while  still  hot,  all  round  the  edge  with  a  pair 
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of  spatulas  ;  file  off  superfluons  copper  on  the  edge^  smooth 
with  water  of  Ayr  stone  and  gild. 

The  hole  for  seconds  dial  is  next  cut  (677),  an  operation 
which  requires  considerable  care.  The  piece  is  fixed  in  its 
place  by  a  cement  composed  of  bleached  shellac  and  flake- 
white  (or  ordinary  white  seahng-wax),  which  is  melted  by 
holding  the  dial  over  a  lamp  while  the  separate  piece  is  in 
its  place,  the  cement  being  first  applied  round  its  edge. 
When  cold,  remove  the  excess  with  a  knife,  and  the  dial  is 
finished.  A  better  plan,  however,  which  is  very  generally 
fidopted  in  the  best  work,  consists  in  exposing  a  clean 
surface  of  copper  in  both  the  dial  and  seconds  circle,  their 
contiguous  edges  being  bevelled  so  as  to  form  a  V"8^ap®d 
groove  all  round.  An  easily  fusible  solder  (No.  IV.,  art. 
128)  is  t  hen  run  in  at  the  back,  and  flux  appUed,  when 
a  perfectly  clean  and  sound  joint  is  obtained. 

672.  To  drill  an  enamel  dial.— Take  a  hard  well- 
sharpened  graver  and  moisten  it  with  turpentine  or  turpen- 
tine that  contains  camphor  in  solution,  or  in  the  following 
mixtui*e,  which  is  still  better : — 

Turpentine 62  parts  by  weight. 

Oxalate  of  potassium  .     .     4        „        „ 
Camphor 4        ,,        „ 

The  two  latter  substances  are  reduced  to  powder  and 
dissolved  in  the  turpentine,  and  2  parts  by  weight  of  sandal 
wood  may  be  added. 

The  graver  point  is  placed  on  the  dial  at  the  point  at 
which  a  hole  is  required  and  the  graver  is  rotated  backwards 
and  forwards  between  the  flngers.  Practice,  acquired  by 
drilling  a  few  holes  in  broken  dials,  will  soon  indicate  the 
degree  of  pressure  that  can  be  applied  without  fear  of  accident. 
Some  workmen  prefer  only  to  apply  the  maximum  pressure 
while  the  graver  rotates  in  one  direction,  reducing  it  during 
the  opposite  movement ;  others  hold  the  handle  or  tang  in 
one  hand  and  rotate  the  graver  with  the  other,  always  in  the 
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explained  in  article  672,  and  the  centie  hole  is  enlaiged  bh 
there  described,  if  this  is  fonnd  to  be  necessaij  in  order  to 
permit  the  free  passage  of  the  hoar  wheel.  The  diameter  of 
a  dial  may  be  reduced  if  it  is  too  large  in  the  manner 
explained  in  article  678.  When  it  has  been  thus  prepared^ 
place  it  in  position,  the  XII  being  exactly  opposite  the 
pendant,  with  the  movement  in  the  case,  and  close  the  bezel. 
If  the  dial  is  found  to  shake  under  the  bezel  it  should  be 
fixed  with  three  or  four  small  wedges  of  pegwood,  care  being 
taken  that  they  do  not  subject  the  dial  to  much  pressure. 
The  accuracy  of  the  position  may  be  tested  by  holding  a 
stretched  piece  of  fine  catgut  over  the  dial,  and  observing 
whether  it  passes  at  the  same  time  through  the  middle  of  the 
pendant,  the  centre  hole,  the  XII  and  the  YI.  When  the 
dial  is  thus  found  to  be  properly  placed,  mark  one  of  the 
screw-holes  on  the  watch-plate  through  a  dial-hole.  Some 
care  is  necessary  in  doing  this  lest  the  hole  is  mariEed 
excentrically  or  the  dial  is  displaced  by  pressure  against  one 
side  of  the  hole  in  it,  which  might  result  in  the  dial  being 
cracked  by  the  screw.  Now  remove  the  plate  from  the  case 
and  drill  its  screw-hole  in  the  drilling  tool ;  tap  it  and  fit 
the  screw.  Replace  the  plate  in  the  case,  and,  after  fixing 
the  dial  to  it  with  the  one  screw  thus  fitted,  carefiilly  mark 
the  second  hole,  &c. 

Some  workmen  expedite  the  operation  by  marking  and 
drilling  the  two  holes  at  the  same  time  ;  but  if  at  first  thev 
do  not  succeed  in  making  them  in  the  required  position  they 
materially  increase  the  time  occupied,  as  one  hole  at  least 
requires  to  be  bushed,  &c, 

676.  Dials  held  in  position  by  feet.— If  the  dial  has 

feet,  and  it  is  required  to  adapt  them  to  the  plate,  they  must 
be  first  carefully  bent  straight ;  then  take  a  piece  of  stiff 
cardboard  of  moderate  thickness,  and,  laying  it  on  a  piece 
of  lead,  punch  out  with  a  sharp-edged  punch  or  other  means 
a  round  hole  of  the  diameter  of  a  foot.  Having  inserted  one 
foot  in  this  bole,  and  placed  the  card  on  a  fiat  surface  with 
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the  dial  uppermost,  ^Pplj  ^  slight  pressure  to  this  latter  so. 
as  to  mark  the  position  of  the  second  foot.  Then  paDch  out 
a  second  similar  hole  at  the  point  thus  indicated.  If  the 
operation  has  been  properly  conducted  the  two  feet  will 
enter  the  holes  in  the  cardboard  easily,  but  at  the  same  time 
without  constraint  or  shake,  and  they  should  project  on  the 
opposite  side. 

It  now  only  remains  to  cut  out  the  cardboard  to  the  size 
of  the  plate,  and,  after  making  a  central  hole  and  a  mark  to 
exactly  correspond  with  noon,  to  place  it  in  position  in  the 
frame  and  under  the  bezel,  as  though  it  were  the  actual 
dial.  Then  mark  the  two  holes  for  the  dial  feet,  using  a 
sharp-pointed  chamferer  that  just  fits  the  hole,  held  vertical 
and  rotated  by  one  hand,  while  pressure  is  applied  by  a 
finger  of  the  other  hand. 

Some  workmen  merely  prick  holes  in  the  card  with  some 
sharp-pointed  instrument,  or  even  force  the  feet  through  it 
at  all  risks  ;  hence  it  happens  that  feet  are  often  bent  out 
of  the  vertical,  and,  in  order  to  be  able  to  bend  them  into  the 
required  position,  it  becomes  necessary  to  enlarge  the  holes 
in  the  plate  and  bend  the  dial  feet. 

677.  To  cut  a  large  hole  in  a  dial— To  set  a  seconds 

dial. — ^This  operation  is  performed  in  the  ordinary  chuck 
lathe  or  in  a  mandril. 

The  hole  is  cut  by  the  aid  of  a  ring  of  thin  iron  or  copper 
cut  with  saw-like  teeth  round  its  edge,  as  shown  at  v,  fig.  9, 
plate  X.,  kept  in  rotation  and  charged  with  fine  emery  and 
oil  or  water  or,  what  is  better,  turpentine.  The  mixture 
described  in  article  672  will  secure  a  still  more  rapid 
action. 

It  is  advisable  that  the  thickness  of  the  ring  be  made  to 
gradually  diminish  from  e  towards  %  as  indicated  by  the 
section  at  8,  so  as  to  prevent  it  from  choking  and  probably 
cracking  the  dial. 

The  following  arrangement  may  be  adopted  : — Prepare  a 
strong  ring  with  a  projecting  internal  ridge,  shown  in  section 
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at  A  B  c,  fig.  9,  plate  X.;  cement  the  dial,  g  d,to  this  ridge, 
or  fix  it  by  any  convenient  means,  and  attach  this  sapport- 
ing  ring  to  a  chuck  that  rotates  in  a  direction  opposite  to 
that  of  the  cutter,  but  much  less  rapidly.  On  reaching  the 
copper  disc,  reverse  A  b  c  and  repeat  the  above  process  on 
the  back  enamel.  The  copper  is  thus  exposed  on  the  two 
sides.  On  filling  the  deeper  groove  with  dilute  nitric  acid 
(155),  the  metal  will  gradually  be  eaten  away,  and  the  acid 
should  be  renewed  as  often  as  may  be  needed.  It  then  only 
remains  to  smooth  the  edge,  bevelling  it  on  the  front  side, 
and  to  cement  the  seconds  dial  in  position  (671). 

The  use  of  acid  may  be  avoided  and  the  cutter  passed 
through  the  copper,  but  greater  care  must  be  exercised, 
because  the  work  is  more  difficult  when  operating  on  metal. 
It  will,  however,  not  be  difficult  after  a  few  trials. 

Willis  recommends  that  the  dial  be  cut  straight  through, 
commencing  from  the  back  and  using  emery  and  oil,  the 
dial  being  cemented  on  a  brass  block  immediately  below  the 
cutter,  and  rather  less  in  diameter  than  the  hole  produced. 
He  mounts  the  cutter  on  a  stock  that  is  provided  with  a 
pump-centre,  the  point  of  which  is  maintained  throughout 
the  operation  in  the  small  hole  or  point  that  marks  the 
centre  of  the  hole.  The  great  advantage  of  this  method  is 
that  the  taper  of  the  hole  is  in  the  required  direction  and 
no  filing  is  necessary. 

678.  To  reduce  the  diameter  of  a  dial.— Resting  the 

dial  in  an  inclined  position  against  a  block,  file  its  edge 
with  a  smooth  or  half -smooth  file,  which  must  only  be 
allowed  to  act  while  advancing,  and  is  at  the  same  time 
displaced  sideways  and  turned  so  as  to  follow  the  contour  of 
the  dial.  The  file  should  be  dipped  occasionally  in  turpen- 
tine, and  when  sufficient  enamel  has  been  removed,  pass  a 
new  emery  stick  over  it  to  remove  the  file  marks. 

679.  To  remove  a  figure  or  name  from  a  dial.— To 

re-polish  the  enamel. — Oil  of  spike  lavender  may  be 
employed  for  erasing  a  letter  or  number. 
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Enamel  powder  made  into  a  paste  with  water,  oil,  or 
turpentine,  is  also  used  for  this  purpose.  It  should  be 
previously  decanted  (168),  so  as  to  obtain  several  degrees 
of  fineness.  The  powder  used  for  re-polishing  the  sur&ce 
where  an  impression  has  been  removed  must  be  extremely 
fine.  It  is  applied  on  a  piece  of  pegwood,  although  some 
use  ivory. 

The  last  and  best  system  is  to  employ  diamond  powder. 
Take  a  httle  of  the  powder,  made  into  a  paste  with  fine  oil, 
on  the  end  of  a  copper  polisher,  the  surface  of  which  has 
been  freshly  filed  and  sightly  rounded.  On  rubbing  the 
marks  they  will  be  seen  to  rapidly  disappear. 

The  surface  is  left  a  little  dull;  it  may  be  rendered  bright 
by  rubbing  with  the  same  powder  mixed  with  a  greater 
quantity  of  oil  and  applied  with  a  stick  of  p^wood. 

Watchmakers  will  do  well  to  try  several  degrees  of  fineness 
of  the  diamond  powder  (169)  on  disused  dials. 

To  repair  a  dial  luith  enamel  applied  cold, — This  has 
already  been  explained  in  article  195. 

METAL   DIALS. 

80.  To  restore  a  silver  dial.— We  proceed  to  describe 

several  methods  of  doing  this,  but  would  at  once  observe  that 
when  the  earlier  ones  are  adopted,  the  hours,  if  they  are 
painted,  Eecessarily  disappear ;  whereas  they  can  be  retained 
by  resorting  to  the  last  method  (article  685)^  although 
gi'eat  catition  must  in  that  case  be  taken ;  moreover,  it  is 
much  more  difficult  to  accomplish  than  the  others. 

681.  First  method. — This  is  the  most  expeditious 
system,  and  at  the  same  time  the  most  certain  of  success. 

If  the  hours  are  in  enamel,  there  need  be  no  fear ;  if 
engraved  and  filled  with  black  composition,  this  will  dis- 
appear, but  it  can  be  replaced  without  difficulty.  There 
remains  the  case  of  painted  hours  to  be  considered. 

First  make  thin  marks  with  a  fine  point  along  the  lines  of 
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all  the  fignieSy  taking  care  not  to  pass  beyond  their  ends  : 
and  do  the  same  for  the  dots  and  lines  that  indicate  the 
seconds.  By  using  a  glass  and  following  the  instructions 
given  in  article  697,  no  difficulty  will  be  experienced  in 
doing  this,  and  the  fine  lines  and  dots  thus  made  will  afford 
sufficient  guide  for  re-making  the  hours. 

Begin  by  cleaning  the  dial  with  a  brush  and  fine  pumice- 
stone  so  as  to  remove  spots  and  slight  scratches. 

682.  To  frost  the  surface. — In  order  to  frost  the  surface 
of  the  dial,  take  a  spirit  lamp  with  large  wick,  and  direct  a 
blowpipe  flame  from  it  gainst  the  under  side  of  the  dial, 
which  is  held  by  one  hand  with  a  hooked  support  B,  fig.  10, 
plate  X.  If  the  flame  is  gently  directed  over  the  entire 
surface  of  the  back,  a  good  dead  surface  is  obtained  that 
resists  a  moderate  degree  of  friction  either  in  soaping  with  a 
fine  sponge,  or  washing  in  a  large  quantity  of  water,  or  in 
applying  sofli  bread  and  oil  of  spike  lavender  to  erase 
irregularities  or  marks  made  in  painting  the  figures. 

The  application  of  the  flame  is  several  times  repeated,  so 
as  to  obtain  a  decisive  and  even  frosting ;  but  it  is  necessary, 
with  a  view  to  avoid  distorting  the  thin  metal,  to  place  an 
iron  or  copper  washer  a  a,  fig.  10,  behind  the  dial.  The 
flame  oxidizes  the  surface  of  the  metal ;  that  is  to  say,  it 
causes  the  oxygen  of  the  air  to  combine  with  the  copper 
which  is  alloyed  with  the  silver. 

683.  Pickling  or  bleaching  the  dial, — Introduce  sufficient 
warm  water  into  a  suitable  flat  vessel  to  completely  cover  the 
dial,  and  gently  pour  into  it  a  few  drops  of  sulphuric  acid  (oil 
of  vitriol),  so  that  the  two  liquids  are  in  the  proportion  of 
about  1  to  10  ;  then  lay  the  dial  in  this  dilute  acid  for  a 
period  that  varies  from  half  to  one  or  two  minutes.  The 
frosting  will  first  become  yellow  and  then  of  a  beautiful 
white  colour.  Wash  it  in  a  large  quantity  of  water,  wipe 
with  a  fine  linen  rag,  and  apply  the  flame  momentarily  to  the 
back  in  order  to  prevent  the  formation  of  spots  on  the 
surface. 
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When  several  dials  have  to  be  operated  upon,  the  acid  is 
put  in  a  poi*celain  dish  and  boiled  by  a  lamp.  Then  place 
each  dial  for  a  moment  in  it,  wash  in  an  abundant  supply  of 
water,  and  dry  by  tapping  with  a  fine  linen  rag. 

684.  Second  method. — For  the  benefit  of  such  as  care  to 
experiment  with  it,  we  add  the  following  method  : — 

Brush  the  dial  with  a  coarse  brush  and  pumice-stone  reduced 
to  an  impalpable  powder  until  no  scratches  are  visible.  Make 
it  red-hot  and  allow  to  cool.  Then  dip  for  two  or  three 
seconds  in  a  porcelain  vessel  containing  dilute  sulphuric 
acid ;  on  removal  it  will  be  found  to  be  white,  but  rather  dull. 
In  order  to  produce  a  clear  frosted  surface,  place  the  dial  in 
a  mixture  of — 

6  parts  by  weight  of  nitric  acid  of  1*22  sp.  gr.* 
21        „  „  sulphuric  acid. 

50       „  „  water. 

Allow  the  metal  to  remain  in  this  acid  until  no  more 
globules  are  seen  to  form  on  its  surface,  then  withdraw  it 
and  immediately  place  in  cold  water.  The  dial  will  be 
observed  to  be  nearly  black ;  it  is  then  pickled  aa  above 
explained  (683),  washed  well,  heated  red-hot  and,  when 
cold,  again  pickled ;  the  operation  is  concluded  by  thoroughly 
washing  its  surface. 

685.  Third  method— (Taken  from  M.  H.  Robert's 
Etudes  sur  diverses  questions  d'horlogerie,)-^CoYQT  the  surface 
of  the  dial  with  a  thin  layer  of  soap,  and  brush  it  over, 
taking  care  to  avoid  touching  the  hours  if  these  are  not 
enamelled.  This  can  best  be  done  with  a  fine  brush  and 
pumice-stone  reduced  to  an  impalpable  powder.  When  the  dial 
hafi  been  made  aa  clean  aa  possible  by  this  means,  waah  it 
carefully  with  water  and  tartrate  of  potash  (cream  of  tartar), 
then  plunge  it  immediately  in  the  hot  solution  of  nitrate  of 
silver  (686)  attaching  it  to  the  silver  wire  which  is  fastened 

*  This  contains  about  1  part  of  pure  add  and  2  parts  of  water. 
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to  the  zinc  and  copper  discs  (687)  ;  in  two  or  three 
minntes  the  sorfiace  of  the  metal  will  be  perfectly  frofited 
and,  if  each  operation  has  been  cantionsly  performed,  the 
honrs  will  remain  intact. 

Each  time  the  zinc  and  copper  discs  are  nsed  they  shonld 
be  cleaned  with  nitric  acid,  and  mbbed  over  with 
pnmice-stone. 

As  soon  as  the  dial  is  clean,  immerse  it  in  the  solution  ; 
the  least  delay  is  apt  to  canse  the  surface  to  become  oxidized 
through  contact  with  the  air. 

686.  To  prepare  tlie  silver  solution, — Dissolve  1  ounce* 
of  solid  nitrate  of  silver  (lunar  caustic)  in  a  small  quantity 
of  water ;  filter  the  solution  and  add  twice  its  volume  of 
liquid  ammonia.  In  a  separate  vessel  dissolve  6  ounces  of 
yellow  prussiate  of  potash  and  4  ounces  of  crystallized 
carbonate  of  soda  in  60  ounces  of  water,  contained  in  a 
vessel  of  enamelled  iron,  which  must  be  placed  on  the  fire. 
When  near  the  boiling  point  add  the  concentrated  solution 
of  nitrate  of  silver,  and  allow  the  mixture  to  boil  for  an 
hour,  taking  care  to  add  hot  water  in  sufQcient  quantity  to 
make  up  for  that  lost  by  evaporation;  then  filter  the 
resulting  solution. 

687-  To  prepare  the  discs  and  to  plate, — In  order  to  use 
this  solution  for  restoring  a  dial  or  plating  any  other  object, 
take  two  discs  about  the  size  of  a  five-shilling  piece,  one 
made  of  zinc  and  the  other  of  copper,  and,  after  making  a 
small  hole  in  each,  unite  them  with  a  copper  wire  or, 
preferably,  with  one  of  silver.  After  having  attached  the 
dial  or  other  object  to  this  connecting  wire,  immerse  the 
entire  system  in  a  glass  or  earthenware  vessel,  and  pour  over 
it  a  sufficient  quantity  of  the  solution,  previously  made  hot. 

If  the  object  operated  upon  is  perfectly  clean,  bright  and 
free  from  all  greasy  or  oily  matter,  its  surface  will  be  found 

*  If  a  greater  or  less  quantity  of  the  solution  is  required,  aU  these 
luantlties  must,  of  course,  be  increased  or  diminished  proportionately. 
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in  two  or  tbrcc  minutes  to  be  covered  with  a  firmly  adherent 
layer  of  silver.  When  only  a  small  piece  is  treated  it  will 
si^ce  to  immerse  it  in  the  hot  liqnor,  and  mb  it  with  the 
finger  ;  a  bright  silvered  surface  will  thus  be  obtained. 

688.  To  clean  and  silver  the  metal  dials  of  clocks,  &c. 

— ^When  the  hours  are  neither  enamelled  nor  engraved,  it  is 
necessary  to  first  trace  out  the  several  lines  and  dots  in  a 
manner  similar  to  that  explained  in  article  697. 

689.  Ordinary  mode  of  cUardng  the  died. — ^Very  often  it 
is  possible  to  make  a  silver  or  plated  dial  of  either  watch  or 
clock  sufficiently  clean  by  merely  brushing  with  powdered 
cream  of  tartar  worked  up  into  a  paste  with  water,  carefully 
rubbing  round  any  painted  figures  with  a  fine  stiff  brush. 
Then  wash  with  clean  water,  dry  by  gently  tapping  with  a 
fine  linen  rag,  and  expose  to  a  slight  heat.  (This  is  in  part 
the  same  method  as  is  described  in  article  685 ;  the  two 
may  be  combined.)  If  the  dial  is  tarnished,  it  must  be 
silvered  as  explained  below. 

690.  To  plate  a  brass  diaL — Preparing  the  silver. — 
Place  in  a  glass  flask  from  100  to  150  grains  of  pure  silver 
made  into  thin  strips  by  means  of  a  hanmier  or  rolling  mill. 
Add  five  or  six  times  this  weight  of  dilute  nitric  acid  so  as  to 
completely  cover  the  silver,  and  warm  the  vessel,  taking  care 
to  avoid  breathing  the  fumes  or  admitting  them  to  the  work- 
shop. The  metal  will  be  dissolved,  and,  on  continuing  the 
application  of  heat  until  all  the  liquid  is  evaporated,  crystals 
will  be  found  at  the  bottom.  When  cool  fill  the  flask  with 
warm  water  and,  as  soon  as  all  the  crystals  are  dissolved, 
pour  the  solution  into  a  porcelain  dish,  previously  half  filled 
with  water.  Place  in  it  a  sheet  of  clean  copper  of  about 
the  size  of  three  fingers,  and  allow  it  to  remain  for  the  night. 

On  the  following  day  all  the  silver  will  be  found  attached 
to  the  plate,  and  it  can  be  collected  by  immersing  this  in 
water.  Carefully  pour  off  the  water  from  the  fine  powder 
thus  obtained,  and  wash  it  once  or  twice  with  an  abundant 
supply   of  pure   water;    then   dry  thoroughly  with  the 
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application  of  very  moderate  heat.  If  the  silver  thus  obtained 
is  not  required  for  immediate  use,  it  should  be  kept  in  a 
dark  blue  stoppered  bottle  to  avoid  the  influence  of  light 
and  moisture. 

691.  To  'prepare  the  surface  of  the  dial. — ^It  must  be 
quite  smooth,  thoroughly  washed  and  diied.  M.  Robert 
recommends  that  the  smoothing  be  accomplished  by  using 
soft  water  of  Ayr  stone,  rubbing  in  all  directions,  in  order  to 
remove  scratches.  Or  pegwood  chai'coal  can  be  used,  sloped 
at  one  end  like  a  whistle,  and  applied  with  water.  Others 
employ  pumice-stone  powder  and  very  fine  emery  paper. 

692.  To  apply  the  silver. — Take  equal  parts  of  rock-salt 
and  cream  of  tartar,  pound  them  together,  and,  when  well 
mixed,  take  about  60  or  80  grains  of  the  mixture,  and  add 
to  it  15  or  20  grains  of  silver,  prepared  as  above  described^ 
and  a  few  drops  of  water  to  form  a  thick  paste,  which  must 
be  well  mixed  and  worked  up  on  a  ground-glass  plate  by 
means  of  a  horn  spatula  to  remove  all  grits.  A  glass  pestle 
may  be  used  for  this  purpose. 

The  dial  having  been  prepared,  take  up  some  of  the  paste 
with  a  perfectly  clean  and  rather  stiff  brush,  and  spread  it 
over  the  surface  of  the  dial,  rubbing  quickly  and  somewhat 
harshly.  The  brush  should  be  worked  about  in  all  directions^ 
so  as  to  avoid  scratches,  until  the  silver  is  found  to  adhere 
firmly  to  the  dial.  According  to  M.  Eobert,  this  rubbing  is 
to  be  continued  until  the  required  grain  is  obtained ;  but  M» 
Fournier  states  that  it  should  be  arrested  when  the  surface 
possesses  a  lead-grey  colour ;  the  dial  is  then  well  washed^ 
dried,  and  the  operation  re-commenced  exactly  as  before 
except  that  the  brash  used  is  softer.  A  good  surface  will 
thus  be  formed,  and  it  will  be  whiter  if  the  proportion  of 
silver  in  the  paste  is  increased. 

The  result  attained  in  great  part  depends  on  the  skill  of 
the  operator,  and  this  can  only  be  acquired  by  experience. 

693.  Observations. — If  the  mixture  contain  too  much 
of  the  salt  or  too  little  silver,  the  latter  will  adhere  with 
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difficulty,  and  will  come  oflf  in  lumps  or  scales  ;  moreover, 
it  will  not  have  so  white  a  colour. 

As  the  proportion  of  silver  is  increased,  the  white  becomes 
gradually  better;  but,  on  the  other  hand,  if  it  is  in  excess 
the  surface  will  be  coarse  and  uneven. 

Too  much  or  too  little  water  will  have  nearly  the  same 
effect. 

The  colour  is  worse  if  the  dial  has  been  imperfectly 
smoothed,  and  when  several  days  or  even  hours  .are  allowed 
to  elapse  between  the  cleaning  and  silvering. 

It  is  essential  that  the  rock-salt  and  the  cream  of  tartar 
be  perfectly  pure;  if  they  contain  any  earthy  matter  it  will 
scratch  the  surface  and  impair  its  whiteness. 

As  soon  as  the  operation  is  completed,  the  dial  must  be 
washed  in  an  abundant  supply  of  pure  water;  any  neglect  in 
this  particular  will  cause  it  to  blacken.  This  washing  may 
be  performed  with  an  ordinary  watch-brush,  charged  with 
cream  of  tartar.  Then  rinse  the  dial,  and  dry,  tapping 
gently  with  a  fine  linen  rag,  and  finish  by  slightly  warming  it. 

694.  Gold  dials, — It  will  not  be  necessary  to  say  much, 
on  this  subject.  In  order  to  restore  the  colour  to  a  gold  or 
gilt  dial,  it  may  be  dipped  for  a  few  seconds  in  the  follow- 
ing mixture:* — Half  an  ounce  of  cyanide  of  potassium  is 
dissolved  in  a  quart  of  hot  water,  and  two  ounces  of  strong 
ammonia  mixed  with  half  an  ounce  of  spirits  of  wine 
are  added  to  the  solution.  On  removal  from  this  bath,  the^ 
dial  is  immediately  immersed  in  warm  water  ;  then  brush 
with  soap,  rinse,  id  dry  in  hot  boxwood  dust!  Or  it  may 
be  simply  immersed  in  dilute  nitric  acid,  but  in  that  case 
any  painted  figures  will  be  destroyed.     (See  142 — 153.)  f 

695.  Another  receipt  —  The  following  is  the  method 
ordinarily  adopted  for  colouring  gold  dials  ;  but  it  is  to  be 
observed  at  the  outset  that,  although  apparently  characterized 
by    extreme    simplicity,  a  good    deal  of   skiU  is   needed 

*  Soroloffieal  Journal,  XIX.,  96. 
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to  aficerfcain  when  the  mixture  is  of  the  right  consistency, 
and  when  the  dial  has  been  sufficiently  exposed  to  its 
action. 

Make  a  mixture  of  4  oz.  saltpetre,  2  oz.  alum,  and  2  oz. 
common  salt  (the  purest  attainable),  with  a  very  little  water. 
On  placing  this  in  a  blacklead  pot  over  the  fire  it  wiU 
become  limpid,  and  must  be  allowed  to  boil  until  somewhat 
pasty  and  of  a  pale  yellow  colour,  stirring  all  the  while  with 
a  stick.  Now  take  two  dials  back  to  back  that  have  been 
cleaned  and  blackened  by  annealing,  and  pass  a  platinum 
wire  through  their  centres  so  that  they  hang  horizontally, 
resting  on  a  loop  at  its  end  ;  immerse  the  dials  in  the  hot 
colour  pot,  and,  after  holding  them  in  it  for  a  short  time, 
withdraw  them  and  immediately  immerse  in  a  vessel  of 
nearly  boiling  water  standing  close  by.  The  "  colour  "  will 
then  be  washed,  and  the  progress  of  the  work  can  be  observed. 
The  dials  are  again  dipped  in  the  pot  if  necessary,  and  will 
probably  require  about  three  minutes*  immersion  in  all.  It 
is  advisable  that  the  ^'  colour  "  be  thick  rather  than  thin, 
as  in  the  latter  case  the  dials  are  apt  to  be  clouded. 

696.  To  re-paint  the  hours  on  a  dial.— The  following 

system  has  reference  to  metallic  dials,  but  the  reader  will  be 
able  to  select  without  difficulty  the  parts  that  are  applicable 
to  altering  and  retouching  the  figures  on  an  enamel  dial. 

We  can  answer  from  experience  for  its  being  successful, 
but  would  at  once  observe  that  it  cannot  be  practised 
hastily,  because  some  skill  is  essential  in  addition  to  patience 
and  care  :  with  them,  success  is  certain. 

697.  First  method. — Before  removing  the  hour  figures 

and  the  divisions  for  minutes,  mark  them  with  a  fine  steel 
point,  using  a  lens  and  proceeding  with  great  caution. 
These  marks  will  remain,  so  that  after  the  dial  has  been 
coloured  or  otherwise  treated,  it  will  only  be  necessary  to 
trace  over  them  with  a  fine  brush  charged  with  ink. 

The  short  horizontal  lines  at  the  top  and  bottom  of  each 
figure,  termed  "  serifs,"  as  well  as  the  two  circles  that  enclose 
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the  minnte  divisionSy  can  be  drawn  with  a  sharpened  point 
of  the  screw-bar  compass. 

698.  Second  method. — ^Lay  on  the  dial  to  be  treated,  or 
on  another  of  the  same  dimensions  that  has  the  hours  well 
marked,  a  piece  of  tracing-paper,  so  that  neither  it  nor  the 
dial  can  be  displaced,  and,  nsing  Indian-ink  and  a  fine 
drawing-pen,  accurately  trace  the  hour  figures  and  the 
minute  divisions.  When  the  ink  is  dry,  invert  the  paper 
and  trace  the  figures,  &c.,  thus  obtained  on  the  other  side  of 
the  paper,  this  time  using  a  pencil  instead  of  ink.  Laying 
the  paper  on  the  dial  so  that  neither  can  slip,  pass  with  a 
rounded  point  of  some  soft  metal  over  all  the  figures  and 
divisions.  Now  remove  the  paper  without  permitting  it  to 
rub  against  the  dial.  If  the  pencil  has  been  selected  of  a 
suitable  degree  of  hardness  and  the  operation  skilfully 
conducted,  the  marks  showing  the  hours  and  minutes  will 
be  clearly  visible,  although  faint,  and,  holding  the  glass  to 
the  eve,  the  several  marks  must  be  traced  over  with  a  fine 
brush  or  pen.  If  this  operation  is  performed  carefully,  the 
dial  will  present  a  very  good  appearance. 

699.  Third  method. — Place  the  dial  within  a  kind  of 
large  barrel  that  has  at  its  centre  a  thick  pivot  projecting. 
The  three  rules  D,  F,  j,  fig.  11,  plate  X.,  can  be  fitted  on  to 
this  by  their  central  holes  so  as  to  rotate  on  it.  Being 
supported  by  the  rim  of  the  barrel,  they  will  pass  very  near 
to  the  surface  of  the  dial  without  rubbing  agsdnst  it.  From 
an  inspection  of  the  figures  it  will  be  evident  that  D  is  used 
for  forming  the  bars  of  an  x,  P  for  those  of  a  v,  and  J  for 
that  of  an  i.  Of  course  the  serifs  at  either  end  of  a  numeral 
are  made  with  the  compass. 

It  is  unnecessary  to  observe  that  if  the  edge  of  the  rim  be 
graduated,  and  the  rules  terminated  by  any  convenient 
arrangement  for  arrestii^  their  motion  at  the  graduations, 
the  hours  can  be  traced  on  a  dial  fix)m  which  all  marks  have 
been  erased.  It  then  only  remains  to  paint  them  in  with  ink. 

700.  Inks  for  painting  the  hours.— Work  up  some 
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clean  lampblack  in  oil  of  spike  lavender.  Then  add  a  small 
quantity  of  spirit  varnish  and  thoroughly  mix  the  whok 
This  is  applied  with  a  fine  brush,  and  the  success  of  the 
operation  depends  very  much  on  the  selection  of  this  latter. 

701.  Another  receipt — ^Mix  together  ivory  black,  pure 
wax,  and  turpentine  ;  the  more  the  turpentine  is  in  excess, 
the  more  will  the  ink  be  coloured.  It  is  best  adapted  for 
filling  in  the  figures  engraved  in  dials,  and  a  gentle  heat 
should  be  applied  to  impart  a  smooth  surface. 

Any  irregularities  in  the  painting  may  be  erased  by  the 
aid  of  oil  of  spike  lavender  and  soft  bread. 

HANDS. 

702.  To  blue  a  steal  watch  or  clock  hand.— Details 

in  regard  to  this  will  be  found  in  article  95. 

703.  To  set  a  watch-hand  in  position.— The  most 

delicate  part  of  this  operation  is  the  enlarging  of  the  centre 
hole  of  a  minute-hand  and  the  closing  of  the  hour-hand 
socket  when  necessary.  The  method  of  doing  the  latter 
operation  is  explained  in  article  362,  and  appliances  for 
firmly  holding  the  socket  are  described  in  articles  353—5, 
but,  in  the  absence  of  any  of  them,  the  following  expedient 
may  be  resorted  to  : — 

Set  the  hand  in  cement  on  a  brass  plate  that  has  a  hole 
passing  through  at  the  point  corresponding  to  the  socket. 
The  hole  must  then  be  enlarged  with  a  semi-cylindrical  drill 
to  a  diameter  such  that  it  will  only  be  necessary  to  gently 
pass  the  broach  through  aflierwards.  The  drill  must  not  be 
worked  too  rapidly,  and  the  plate  may  require  to  be 
immersed  occasionally  in  water,  so  as  to  avoid  heating  the 
cement  and  thus  loosening  the  hand. 

When  the  hole  in  a  watch-hand  is  too  large,  it  may 
generally  be  sufficiently  reduced  by  means  of  the  tool 
designed  for  that  purpose  that  is  described  in  article  362. 

704.  To  redden  watch-hands.— Make  into  a  paste 
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(while  holding  over  a  lamp)  a  mixture  of  two  parts  carmine, 
two  parts  chloride  of  silver,  and  one  part  Japan  varnish. 
Having  spread  some  of  this  over  the  hands,  lay  them  face 
upwards  on  a  sheet  of  copper,  applying  heat  until  the 
desired  tint  is  produced. 

GLASSES. 

705.  To  drill  glass. — ^  hole  can  be  rapidly  made  in  a 
piece  of  glaas  by  using  a  steel  spindle  ground  at  the 
extremity  as  shown  at  o,  fig.  11,  plate  IV.,  with  three  or 
four  faces,  and  hardened  in  mercury  (85).  This  spindle 
may  be  chucked  in  the  lathe,  rotated  between  the  finger  and 
thumb,  or  driven  by  a  bow,  the  point  being  moistened  from 
time  to  time  with  turpentine  or  the  mixture  mentioned  in 
article  672.  The  glass  operated  upon  should  be  held 
against  the  blade  with  the  thumb  or  a  pad  immediately 
behind  it,  and  should  receive  a  gentle  rocking  motion  so  as 
to  prevent  the  drill  from  choking  in  the  hole  formed  ;  and 
as  soon  as  the  point  appears  on  the  other  side,  the  drilling 
should  be  re-commenced  from  that  side.  It  is  a  good 
precaution  to  mark  the  point  at  which  the  hole  is  required 
with  a  diamond  or  the  steel  point  before  commencing,  and 
the  pressure  applied  while  drilling  must  be  but  slight. 

706.  To  cut  glass. — ^It  is  possible  to  cut  a  sheet  of  glass 
roughly  to  any  required  shape  with  an  ordinary  pair  of 
scissors,  if  the  operation  is  performed  under  water.  Of 
course  a  smooth  edge  cannot  be  obtained  by  such  means, 
but  it  will  often  be  found  sufficient. 

A  more  exact  method  is  to  use  a  piece  of  ignited  charcoal 
or  the  pastile  mentioned  below,  first  making  a  scratch  as  a 
starting-point  and  holding  the  heated  substance  a  little  in 
advance  of  the  crack :  this  will  follow  the  direction  in 
which  the  hot  body  is  moved.  The  method  is  available  for 
dividing  glass  tubes  or  other  objects  of  irregular  shape. 

What  is  known  as  the  "  Berzelius  pastile "  for  cutting 
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glass  is  formed  of  the  following  mixture : — Omn  arabic, 
6  parts ;  gam  tragacaath,  2*8  parts ;  benzoin,  2*8  parts ; 
lampblack,  18  parts ;  and  the  requisite  quantity  of  water. 
Mix  the  gum  tragacanth  with  water  and  leave  it  to  swell  up 
for  some  hours ;  dissolve  the  gum  arabio  in  a  sufficiency  of 
water,  and  powder  the  benzoin  finely.  Mix  the  three, 
forming  a  paste  of  such  a  consistency  as  to  be  moulded, 
the  lampblack  and  a  little  water  being  also  added.  The 
pastiles  are  then  formed  by  rolling  between  two  plates. 

The  diameter  of  a  watch-glass  can  be  reduced  by  centring 
it  in  a  lathe,  chucking  it  between  two  pieces  of  cork  or  a 
pair  of  cork  arbors,  and  applying  a  moistened  piece  of  glass 
to  the  edge,  or  an  emery  stick.  When  the  desired  diameter 
is  attained,  polish  the  edge  with  pumice-stone  followed  by 
putty  powder  applied  on  a  wet  cork. 

BROACHING. 

Bound  and  cutting  broaches  have  been  akeady  briefly 
considered  in  article  248. 

707.  To  broach  a  hole  vertically.— A  hole  in  a  plate, 

as,  for  example,  that  in  a  ban*el,  is  seldom  maintained  at 
right  angles  to  the  surface  by  young  watchmakers  when  they 
have  occasion  to  employ  a  broach.  By  adopting  the  follow* 
ing  very  simple  method,  success  may  be  assured : —     . 

Take  a  long  cork  of  a  diameter  rather  less  than  that  of 
the  barrel  or  other  object  operated  upon,  and  make  a  hole  in 
the  length  of  the  cork  through  which  the  broach  can  be 
passed.  When  the  cork  has  been  turned  quite  true  on  its 
end  and  edge,  the  broach  is  pushed  through  and  used  to 
enlarge  the  hole  ;  by  pressing  against  the  back  of  the  cork 
it  is  kept  always  against  the  barrel,  and  the  verticality  of  the 
broach  is  thus  maintained. 

708.  To  broach  and  maintain  the  hole  round. — 

Many  workmen  either  use  bad  broaches  or  work  them  in  a 
jerky  manner  so  as  to  make  strisB  within  the  hole.    To  avoid 
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sudi  distortion  when  uncertain  of  the  hand,  draw  the  broach 
somewhat  out  of  the  hole  and  insert  in  the  space  thus  left 
one  or  two  pieces  of  hard  wood,  forming  a  kind  of 
jacket,  so  that  at  least  two  catting  edges  of  the  broach  may 
be  prevented  from  acting  ;  the  broach  forcing  its  way  into 
the  pieces  of  wood,  will  carry  them  round  with  it.  A  few 
trials  will  enable  a  workman  to  employ  this  method. 

When  operating  on  holes  that  are  nkther  large  it  is  a  good 
practice  to  use  broaches  that  are  semi-cylindrical  or  triangular, 
their  sections  being  as  shown  at  o,  A,  or  D,  fig.  1,  plate  XII. 
c  and  D  are  excellent  for  smoothing  a  hole,  but  remove  very 
little  metal ;  A  does  more  work  in  a  given  time  and,  if  well 
handled,  will  maintain  the  hole  very  round.  When  operating 
on  a  large  hole,  these  broaches  can  be  rotated  in  a  brace  ; 
but,  in  the  case  of  small  or  medium  size  holes,  it  is  much 
better  to  mount  them  in  a  drilling  headstock  like  those  used 
by  case-makers  for  the  joint  holes,  and  the  tools  can  be 
revolved  by  the  aid  of  a  hand  or  foot-wheel,  a  bow  or  toothed 
gearing.  Only  one  precaution  need  be  noted,  namely,  the 
necessity  of  avoiding  the  application  of  too  much  pressure, 
so  that  the  broach  jambs  in  the  hole. 

709.  To  enlarge  and  broach  two  holes  to  correspond. 

— Let  it  be  required  to  make  the  hole  indicated  by  dotted 
lines  at  t;,  x,  in  the  poppet-head  A,  fig.  2,  plate  XII.,  which 
has  been  fitted  to  the  lathe-bar,  exactly  in  the  same  direction, 
and  of  the  same  diameter  as  the  holes  in  the  other  poppet- 
heads. 

Take  a  steel  rod  a  a^  aj"  that  exactly  fits  the  holes  in  p  and 
E,  and  reduce  its  diameter  from  a  to  a\  in  order  that  it  may 
pass  through  the  hole  t;  a?  in  A  that  is  to  be  broached.  The 
end  a  rotates  with  friction  in  a  collar  fitted  to  e,  and 
perforated  with  a  hole  of  the  same  diameter  as  a.  At  i  a 
small  double-edged  blade  is  firmly  fixed ;  this  is  shown  apart 
at  I.  A  sort  of  trepan  or  rose-cutter  (see  article  448) 
formed  of  a  disc  fixed  to  a  a^  and  steadied  by  one  or 
pins,  of  the  form  shown  at  J,  K,  or  L  is,  in  some 
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preferable.  The  cutter  may  aLso  be  formed  on  the  rod  c^ 
itself ;  bat  since  it  would  then  require  to  be  hardened,  the 
body  c^  a^  must  in  that  case  be  drilled  to  a  sufficient  depth 
to  hold  the  directing  piece  a  firmly. 

It  will  be  evident  that  the  cutter  is  worked  by  a  brace 
fitted  on  m.  If  a  sufficiently  heavy  foot-wheel  is  available, 
the  axis  can  be  driven  by  that,  a  pulley  being  fitted  at  a", 
and  pressure  applied  at  m  during  the  motion.  The  velocity 
must  depend  on  the  nature  of  the  metal  operated  upon  (see 
articles  296 — 8  and  482).  When  cutting  iron  or  steel,  the 
tool  must  always  be  abundantly  supplied  with  oil,  turpentine 
or  soap  and  water,  and  the  entire  system  must  b^  firmly 
fixed ;  if  the  axis  of  the  cutter  is  allowed  to  vibrate,  the  work 
will  be  imperfectly  done. 

710.  Two  other  methods  of  effecting  the  same  object  are 
shown  at  N  and  s,  fig.  5,  plate  XII.  At  N  there  is  one 
guiding  plate  d  fixed  to  the  end  of  the  lathe-bar,  and  it  serves 
to  ensure  that  the  hole  in  the  poppet-head  (in  dotted  lines) 
shall  be  bored  true.  In  the  system  shown  at  s  there  are 
two  guiding  plates  Cy  Cy  to  maintain  the  direction  of  a  cutter 
either  between  them  or  external  to  them.  It  is  unnecessarv 
to  say  more  on  this  subject ;  any  watchmaker  will  understand 
the  figures  at  a  glance,  and  by  practically  carrying  out  the 
arrangements  suggested  will  find  out  for  himself  the 
precautions  that  are  necessary. 

SOLID  AND   HOLLOW  SQUARES. 

711.  To  file  an  arbor  or  drift  square  by  hand.— The 

most  expeditious  mode  of  making  a  square,  as,  for  example, 
that  of  a  barrel  arbor,  is  by  using  the  tool  described  in 
article  571,  or  one  of  analogous  construction  ;  but  in  their 
absence  the  square  must  be  made  by  hand. 

Soften  the  jaws  of  a  hand-vice  and  make  four  flat  faces 
on  them,  forming  an  exact  square,  either  by  filing  or  by 
attaching  pieces^  by  rivets.    Having  clamped  the  steel  on 
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which  a  square  is  to  be  formed  in  the  vice,  hold  this  ia 
one  hand  and  rest  it  in  a  recess  in  a  wood  block  ;  with  the 
other  hand  hold  the  file,  determining  its  position  by  laying 
it  on  the  upper  face  of  the  square  before  applying  it  to  the 
axbor.  After  giving  one  or  two  strokes,  test  the  truth  of 
the  face  formed  by  again:  laying  the  file  on  the  upper  &uce 
of  the  vice.  Then  turn  the  vice  through  a  quarter  of  a 
circle  and  proceed  in  the  same  manner  ;  and  so  on  for  the 
other  two  faces.  Before  finishing  the  square  and  while 
there  still  remains  a  slight  excess  of  metal  on  each  face, 
ascertain,  by  examining  the  end  and  measuring  the  lengths 
of  the  faces,  whether  the  square  is  accurately  formed. 


Fig.  27. 

Set  it  up  in  the  finishing  turns  and  draw  with  a  flat  file 
in  the  direction  of  the  axis  along  each  face.  If  the  square  is 
to  be  polished  after  hardening,  proceed  in  the  same  manner, 
using  an  iron  polisher  in  place  of  the  file,  to  which 
longitudinal,  transverse,  and  circular  movements  may  be 
given. 

After  hardening,  the  square  must  be  tempered  to  some 
shade  between  pale  yellow  and  a  deep  blue,  according  to  the 
purpose  for  which  it  is  intended. 

712.  Another  method. — Let  it  be  required  to  fit  a  square 
to  the  hole  in  a  keyless  winding  pinion,  the  diagonal  of 
which  is  a^  ¥,  figure  27.  Turn  the  end  c  d  of  the  rod 
down  until  it  exactly  enters  the  square  hole.  Measure  with 
a  tapered  strip  of  brass  whose  edges  are  filed  sharp  the 
diagonal  a^  h^ ;  this  will  give  the  diameter  a  b  of  the  larger 
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portion  of  the  rod,  as  will  be  gathered  from  the  figure 

Turn  down  the  portion  of  the  rod  on  which  the  square  is 
to  be  made  and  file  f  onr  f  aces,  each  time  arresting  the  action 
of  the  file  when  it  is  on  a  level  with  the  smaller  cylindrical 
portion,  maintaining  the  angles  equal  by  observing  that  the 
four  portions  of  the  circumference  retain  their  equality  while 
gradually  diminishing.  By  a  little  care  and  using  the  square- 
headed  hand-vice  described  above,  success  may  be  assured. 

713.  To  drift  a  square  hole  in  steel  of  moderate 

thickness. — The  steel  in  which  it  is  required  to  make  a 
square  hole  must  be  very  soft  and  thoroughly  annealed, 
otheiwise  it  is  sure  to  crack  under  the  action  of  the  drifl> 
or  when  hammered. 

To  make  the  hole  in  the  centre  of  a  stop-finger,  for 
example,  the  hole  must  first  be  drilled  of  a  diameter  less 
than  the  side  of  the  final  square  :  the  drifi;  is  then  inserted, 
liberally  supplied  with  oil.  On  removing  the  drift,  the 
square  is  enlarged  by  means  of  a  fine  square  file  acting  on 
each  of  its  comers  ;  then  with  slightly  larger  drifts  the  hole 
is  gradually  increased  to  the  required  size.  They  are  driven 
with  a  rather  heavy  hammer,  care  being  taken  to  maintain 
them  vertical  and  with  each  change  of  drift  a  file  should  be 
passed  over  the  surface  to  remove  the  metal  that  collects  at 
the  comers.    . 

By  using  a  drift  of  the  form  shown  at  b,  fig.  9,  plate 
XI.,  a  square  hole  may  be  formed  at  a  single  operation ; 
but  it  must  be  strack  sharply  and  vertical  with  a  heavy 
hammer. 

In  the  case  of  thin  metal,  a  hole  can  also  be  drifted 
without  previous  drilling  by  means  of  the  tool  described  in 
article  367. 

714.  To  drift  a  keyless  winding  pinion,  a  watch-key, 

&C, — For  this  purpose  the  methods  explained  above  are 
insufficient  on  account  of  the  great  thickness  of  metal> 
which,  we  repeat,  must  always  be  veiy  soft. 
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Nevertheless,  by  using  drifts  that  are  very  slightly  conical, 
short,  and  roughed  like  a  file  in  an  inclined  direction,  and 
by  using  a  number  that  succeed  one  another  of  gradually 
increasing  diameter,  steel  of  considerable  thickness  can  be 
treated  in  the  above  manner  ;  but  it  is  far  less  expeditious 
than  the  method  explained  below. 

The  piece  of  steel  with  a  hole  drilled  through  it  should  be 
from  a  third  to  half  as  large  again  in  diameter  as  it  is  finally 
required  to  be.  After  turning  the  surface  true  and  the  two 
ends  flat,  the  tube  is  driven  on  to  a  long  drift  of  suitable 
temper,  well  oiled  and  of  nearly  the  diameter  of  the  hole  to « 
be  made.  Clamping  this  drift  in  a  hand-vice  or  sliding 
tongs,  rest  the  steel  tube  on  an  anvil  with  its  axis  and  one 
face  of  the  drift  parallel  to  the  surface,  and  forge  the  tube 
with  a  medium  size  hammer.  Turn  the  drift  through  a 
quarter  of  a  circle,  again  forge  the  tube,  and  so  on.  Care 
should  be  taken  that  the  drift  is  forced  further  into  the  tube 
from  time  to  time,  oil  being  at  the  same  time  applied. 

A  punching  machine  is  also  very  serviceable  for  the 
purpose  of  drifting. 

Sometimes  the  attempt  is  made  to  forge  the  metal  red- 
hot,  but  this  is  much  more  difficult  on  account  of  the 
rapidity  that  is  needed  in  threading  the  hot  steel,  hammering 
and  removing  it.  Moreover,  the  steel  has  to  be  heated 
several  times  and  is  apt  to  be  bmnt. 

If  the  method  above  explained,  in  which  the  metal  is  kept 
cold,  is  carefully  performed,  it  succeeds  veiy  well,  but  it  must 
be  observed  that  steel  is  often  met  with  that  is  irregular  in 
composition  and  cracks. 

TO   STRAIGHTEN    A    ROD,    PLATE    OR    WHEEU 

715.  A  steel  rod. — When  the  rod  is  short  use  a  large 
pair  of  sliding  tongs  or  a  hand-vice,  the  jaws  of  which  have 
be^i  softened  in  order  to  make  a  groove  in  each  parallel  to 
their  edge.    Placing  the  rod  in  the  cylindrical  recess  thus 
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fonned  between  the  jaws,  fix  one  side  of  the  hand-vioe  in 
a  bench-vice,  holding  a  spirit  lamp  near  the  jaws  and,  as 
the  steel  changes  its  colour,  tighten  the  slide  or  screw  of 
the  former.  When  the  metal  assumes  a  bine  colour  and  the 
jaws  are  as  tight  as  possible,  remove  the  lamp,  allowing  the 
whole  to  cool  slowly  or  by  applying  water. 

The  jaws  should  be  formed  so  as  to  bend  the  rod  rather 
more  than  is  ultimately  required,  because  steel  on  being 
released  is  apt  to  partially  recover  its  initial  curvature. 

When  the  rod  is  long  grip  its  two  ends  in  the  frame  of  a 
fret-saw,  which  should  be  somewhat  strong.  Then  hold  a 
lamp  under  the  rod,  at  the  same  time  stretching  the  steel 
more  and  more,  and  allow  the  steel  to  remain  stretched  until 
quite  cold.  If  it  has  been  sufficiently  stretched  the  metal 
will  be  rendered  perfectly  straight. 

716.  A  plate,  escape-wheel  or  keyless  steel  wheel.— 

At  page  286  of  the  Treatise  on  Modern  Horology  is  given  a 
method  of  trueing  a  cylinder  escape-wheel  that  has  been 
cockled  in  the  hardening ;  the  following  is  a  modification  of 
the  process  there  described. 

In  the  middle  of  a  square  plate  that  is  moderately  thick, 
fit  a  strong  screw  with  a  large  and  long  head ;  this  screw 
must  pass  freely  through  a  disc  that  is  perfectly  flat  and  fits 
easily  into  the  upper  side  of  the  escape-wheel.  Now  fix  the 
plate  between  the  jaws  of  a  bench-vice,  and,  placing  the 
wheel  between  this  plate  and  the  disc  with  a  moderate 
pressure  applied  by  the  screw,  hold  a  lamp  to  the  under  side, 
gradually  tightening  the  screw  as  the  steel  changes  colour  so 
as  to  obtain  a  maximum  pressm-e  when  a  blue  temper  is 
reached.    Leave  the  whole  to  cool  in  position. 

717.  A  verge,  small  arbor  or  pinion  staff.— When 

steel  is  sufficiently  tempered,  it  may  be  laid  flat  on  a  smooth 
piece  of  copper  held  in  the  vice  and  flattened  by  hammering 
as  in  the  case  of  an  ordinary  rod ;  but  if  it  is  hard  the  blade 
of  the  hammer  must  be  used.  Every  watchmaker  knows, 
r  example,  that  a  verge  is  straightened  by  striking  with 
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the  blade  against  its  concave  side  while  the  convex  side  rests 
flat  on  a  smooth  anvil.  By  the  action  of  the  hammer  the 
side  that  is  strack  becomes  a  little  longer,  thus  straightening 
the  staflp.  It  is  not  usoallj  necessary  to  remove  the  marks 
left  by  the  hammer^  but  if  this  has  to  be  done  the  operation 
should  be  continued  beyond  what  is  necessary  to  straighten 
the  metal^  then  temper  it  to  a  blue  colour  and  allow  it  to 
cool. 

A  small  smooth  taper  arbor  and  a  pinion  staff  of  a  watch 
or  timepiece  can  be  straightened  by  resting  it  on  a  wood 
block  and  rubbmg  the  concave  side  lengthwise  with  a  worn 
file  of  medium  cut,  applying  considerable  pressure,  the  arbor 
being  firmly  supported  below  to  avoid  breakage.  The  result 
is  the  same  as  with  the  blows  of  a  hammer,  but  the  marks 
left  are  barely  visible. 
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Explanation  of  the  above  table. — ^The  measurements  are 
taken  across  the  pillar  plate. 

With  a  view  to  facilitate  reference,  the  series  of  sizes  on 
the  French  line  scale  are  taken  as  a  basis,  as  it  covers  the 
widest  range,  and  only  those  sizes  on  the  Lancashire  scale 
that  correspond  to  this  series  are  given ;  the  figures  that 
indicate  sizes  on  these  two  scales  being  printed  in  somewhat 
heavier  type.  When  only  a  single  Lancashire  size  is  men- 
tioned opposite  to  a  line  size  it  is  to  be  understood  that  the 
two  very  nearly  correspond,  and  if  two  numbers  are  given 
on  the  former  scale  opposite  to  one  on  the  latt^,  it  means 
that  the  French  size  is  intermediate  between  the  two  on  the 
English  scale.  Thus  the  line  size  18  is  ahnost  identical 
with  the  Lancashire  size  13,  and  their  exact  difference  can 
be  ascertained  from  columns  2  and  5  of  the  table.  On  the 
other  hand,  the  French  size  20  is  intermediate  between  the 
English  sizes  18  and  19,  and  the  error  that  would  be  made 
by  adopting  either  number  as  an  equivalent  can  be  at  once 
determined  by  comparing  the  respective  values  in  inches. 

In  a  similar  manner  the  third  column,  giving  sizes  on  the 
millimetre  scale,  can  be  used  in  conjunction  with  column  1 
or  4 ;  indeed,  the  table  affords  a  means  of  approximately 
ascertaining  the  size  of  a  movement  on  any  one  scale  when 
it  is  known  on  any  other. 

The  rule  for  determining  the  value  in  inches  of  any  size 
on  the  Lancashire  scale  is  as  follows :— Taking  an  initial 
inch,  add  to  it  5-30ths  of  an  inch  (an  allowance  for  the 
*'  fall,"  or  room  to  enable  the  movement  to  open  and  shut  in 
the  case),  and  the  number  of  thirtieths  of  an  inch  indicated 
by  the  size-number  on  the  scale.  Thus  a  16-size  movement 
will  measure,  across  the  pillar-plate,  1  inch  plus  5-30ths  plus 
16-30ths,  or  1  21-30th  inch.  This  stated  decimally  is  1-7 
inch,  as  seen  from  the  table.  Similarly  any  Lancashire  size 
that  may  be  required,  whose  value  is  not  given  in  the  table 
in  inches,  can  be  at  once  converted. 
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to  mark  crossings 

of  ..249 

,,  make  plain       . .  390 
vibrations  of        ..  412 
Balances,  proportions  of     . .  356 
Balance-spring,  action  of  333,  426 

ooUettool..  236 
gauge 
to  centre   . 
,,  clean 
,,  draw 
„  fix 
,,  flatten   . 
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„  polish  . . 
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334 
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27 
427 
430 
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431 
426 
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Balanoe-springBypalladiiim..     83 
,,  ,,      j^tiniini  . .     83 

BsHasTuhy 133 

Bands,  to  jam  catgut         . .  190 
Banel-arbor,  hollow  . .  384 

to  make         ..  374 
„  repair        . .  382 
,y      ,f  tmo  . .  383 

cover,  to  make        . .  365 
„      gomg,  to  pat  together  341 
nole  doemgtool      ..  245 
,,    to  biuui . .         . .  366 
hook,  to  fix  . .         . .  365 
clock,  to  make         . .  373 
sab-diyisioii  of  inter- 
nal surface  . .     32 
to  examine    . .         . .  335 
,,  make          . .         . .  363 

„oa 343 

,,  repair        . .         . .  366 

,,  true  . .         . .  367 

„  upright      ..         ..  368 

Bars,  to  make  . .         . .  362 

BathB  for  hardening  . .     55 

Bearings  of  mandril,  to  make  199 

Bearingpointsoflathe,formof  179 

„    to  make       ..   169 

„     „  rough    out  236 

shoulders,  form  of . .  179 

Beaupuj     burnishers     and 

files . .         . .         . .         . .   161 

Bed  of  lathe,  to  lengthen  ..  175 

Beginners,  aids  for 337 

Bernard  screw  lathe  ..  286 

Bell-metal    ^^         74 

Bench..         ..         ..      156,  188 

Bent  pivot,  to  redress        . .  406 

Benzine 107»  340 

Berlioz  rounding-up cones...  320 
Berzelius  pastille  ..  ..  453 
Bevelled  edge,  to  make  . .  208 
Black  polish  on  steel  . .   126 

Bleachiug  silver  dials  . .  444 
Blowpipes  . ,  . .  . .  166 
Blue  polishing  stone  108,  109 
Blueing  steel  . .         60,  62 

Board,  arrangements  of  146, 156, 

188 
**  Body"  of  steel  ..  ..48 
Boley  distributor  . .  . .  187 
drilling  attachment . .  211 
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Bolej  hand  flj-wheels       . .  183 
„      tarns  and  lathe        ..   192 
Borax  as  flux  fen*  soldering  90, 102 
Boring-plate  centres  . .   170 

Bouchons,  movable  . .  409 

to  make  . .      247,  408 
„  rivet     ..         ..  409 

Bows 157 

Bowcompaied  with  wheel..  213 
„     to  tap  with  ..  285 

„    use  of      ..  ..  152 

Bow-screws,  to  make  sinks 

for 234 

Boxes  to  take  watches        ..  338 

Brass 67,  86 

cast     . .         . .         72,  86 

dials,  to  silver         . .  447 
&c.,  drill  blade  for  . .  ,223 
influence  of  impuri- 
ties on  . .     6S 
plates,  to  harden     . .     69 
rods,  to  harden        . .     71 
to  anneal      . .         . .     72 

,,  bronze       . .         . .     96 

,,  polish        ..         ..   121 

,,  select  . .     67 

,,  smooth       ..         ..   113 

wheel  teeth,  observa- 
tions on  cutting    . .  307 
wheels,  to  polish  109,  121 
Brazing  . .     94 

Breg^^  spring,  to  set        . .  429 
Broaches        . .         . .         . .   165 

,,       for  jewel-hole  mak- 
ing ..         ..136 

,,      &c.,  to  systematize..  214 
Broaching      . .         . .         . .  454 

a  hole  round       . .   454 
two  holes  to  corre- 
spond . .  . .  455 

Brocot,  method  of  hardening 
brass  rods  ..         ..         . .     72 

Broken  pivot,  to  replace  170,  236 
screw  extractor        . .  248 
to  remove  with 
alum   . .         . .   102 

Bronze  . .         . .    67,  74,  86 

aluminium     . .  80,  86 

to  render  malleable  . .     74 

Bronzing       . .         . .         . .     95 

Brush,  to  clean  with  . .   339 

Brushes,  preparation  of      . .   338 
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Buff  leather 107 

Burnishers 164 

Beaupuy  ..   161 

to  re-face  . .   164 

Burxushing  brass  wheels    . .  123 

**  Burnt  "iron        ..  37,38 

Bushing  barrel-holes  ..  366 

„        piyot-holes  ..408 
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Gadot's  tool  for  snailing    ..  119 

Calliper,  figure-of-8  . .  164 

,,        for  heights,  &o.   . .   163 

„        pallet  ..     418,420 

Camphorated  oil      . .         . .   105 

Cannon-pinion,   to    tighten 

243,  401 
Carbon    in   cast    iron    and 
steel  •  •         •  •         , «     Onj 

Camelian       . .         . .         . .  136 

Caron*s  method  of  restoring 

iron  and  sted    38 
,,  »      n  tempering 

steel  ..     61 
Carrier  for  arbors     . .         . .  173 

„        „  turning   ..         ..  213 

Case-hardening        ..         ..64 

Case,  to  examine     . .      329,  344 
Cast  brass      . .         . .  72,  86 

,,     iron       . .  . .  39,  86 

Castings,  malleable . .         . .     39 

Catgut  bands,  to  join         . .   190 

Cement,  application  of       . .   127 

,,        for  dials     ..         ..  437 

,,        steel  . .  40,  43 

C^i^  of  circle,  to  find       . .     25 

„      lantern         . .         . .   174 

Centres,  to  test  truth  of     . .  326 

,,        various       . .         . .   168 

Centre-wheel  ..         ..  334 

,,         ,,      to  oil  . .         . .   343 

Centring  chuck         . .         . .   197 

from  centre      259,  267 

circumference 

259,  267 
in  mandril       259,  267 
,,  wax      129,  259,  267 
„        rods  235,  259,  267 

Chain,  fusee,  to  ease  . .  388 


j> 


Chain  hook,  to  rivet 
Chalk  for  cleaning  . 
Chamfering  tools 
Charcoal  for 
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..  338 

...  230 

for  polishing        ..   107 

,,       used  for  smoothing  118 

Chinese  bronzing     . .         . .     96 

Chloride  of  zinc  as  flux  for 

soldering 93 

Chrysolite 134 

Chuok,  self-centring       195,  197 

„      wax 129 

Chucks,  adjustment  of        . .   180 
for  jewel-making  . .  136 
„  mandril..       258,  266 
,,  turning     screw- 
heads  . .         . .   289 
various         . .      180,  201 

..  8 
..  31 
..  25 
..  208 
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Circle,  divisions  of  . . 
,,    sub-division  of 
,,     to  find  centre  of 
Circular  slide-rest    . . 
Circumference,      ratio      to 

diameter  . . 
to        centre 
from 

Cleaning  brushes     . . 
mes  . . 
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269 
338 
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gold  or  gilt  objects  100 
metal  dials  . .  447 
nickel  movements  77 
rough  steel  . .  52 
watches  . .  . .  338 
Cloc^  barrel,  to  make  . .  373 
dials,  to  clean. .  . .  447 
hands,  to  blue . .  . .  63 
pinions,  to  polish  . .  400 
to  time  rapidly  . .  352 
Closing  barrel-holes,  &c.  . .  245 
Cocks,  to  make  . .  . .  362 
Coloothar  of  vitriol  . .  . .  109 
Cold  gilding  without  mer- 
cury  97 

„    hammering       . .  52,  68 

Collars. for  mandril  . .         . .  258 

Collet,  balance-spring,  tool     236 
,,     to  attach  to  balance- 
spring 
Colouring  gold  dials  . .  449 

Compass,  proportional        . .     18 
Compasses     . .         . .         . .  163 

Compensation  balance        . .  392 
Conductivity..         ..  86,88 


468 


Index. 


PAGE 

Cone-plate  centres  ..         ..  170 
Contumonfl  motion,  to  obtain  425 
„         moving  fermle    220 
Conyenion     of      sizes     of 

movement  . .  . .  462 

Copper  65,  86 

aHojrs  with  gold     . .     78 
to  bronze     . .         . .     95 

Cord  of  lathe 189 

„    tension  of,  in  turning  189 

Connting  vibrations  . .   349 

Cover  of  barrel,  groove  for  363 

,,      ,,        ,,      to  make  . .  365 

Covillot,  preparing  steel    . .     53 

Crocus  109 

Crossing  ont  a  wheel  . .  389 

Crossings  of  wheel,  to  marie  249 
„        to  renew    broken  394 
Crystallization,  axis  of      . .  137 
Cube  root  . .         . .       3 

Curb,  to  adjust  . .  . .  369 
Curzon  on  lever  escapement  417 
Cutters,  to  adjust  form  of  . .  314 
for  jewels  . .  . .  135 
„  making  grooves, 

&c 275 

slide-rest  ..  260 


steel  wheels 


308 


,,  teeth,      various 

kinds  295,  301 
rose  and  star  . .  315 
rounding-up,        to 

make  ..  ..  316 
stock  for  ..  ..  262 
tool    for     making 

wheel     ..         ..  314 
to    sharpen    slide- 
rest         ..         ..  262 
wheel,  to  make     . .  302 

Cuttingafile 160 

edge,  angles  of      . .  206 
faces     of     givers, 
forms  of   ..         ..  222 

glass 453 

wheels,  observations 
on  . .         . .      307,  312 
Cylinder    escape-wheel,    to 

test      ..         ..240 
to  oil  . .         . .  344 

„  pivot  a    . .         . .  407 
,,  polish    mechani- 
cally   ..         ..422 
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Bead  smoothing 

„    surface    of    gold, 

restore  ..  101 

Decantation 110 

Definitions,  g^eometrical  . .  7 
Degrees  of  circle  defined  . .  8 
Delicate  object,  to  centre  . .  259 
De-magnetizing  watches  . .  357 

Density  84 

Dent's  dipleidoscope  . .     35 

Depth  calliper  ..   163 

Depths,  application  of  laws 

of 413 

in  keyless  work  347,  414 
theoretical         and 

practical..         ..  411 
to  ease  ..  323 

,,  secure  good      ..  410 
visible  and  invisible, 

to  test 333 

Depthing  tool,  to  test  accu- 
racy of       326 

Design,  to  transfer  . .  . .  13 
Dial,    enamel,  to  cut  hole 

in  ..441 

„  drill         . .  437 
„  reduce  dia- 
meter of      442 
,,  remove  fi- 
gure £rom  442 
„    feet,  to  solder  . .         . .  435 
,,    plate,  to  cut    . .         . .  434 
to  file  hole  in  ..         ..  438 
,,  remove  enamel  from 
back  of  ..  439 

Dials,  enamel  for     . .         . .  131 
,,         to  make       ..  435 
fixed  by  feet . .         . .  440 
,,       ,,  screws        . .  439 
gold,  to  restore         . .  449 
metskl,  to  clean  . .  447 

silver,  to  restore  . .  443 
to  paint  hours  on  . .  450 
,,  repair         . .         . .  132 

•  •  . .  •  •    ltS«$ 

drill,  to  use  . .  139 

„      and    gravers 

111,  143 
for  polishing    108,  111 
powder,      drilling 
with  ..  138 
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Diamond   powder,   to    pre- 
pare     ..         ..   Ill 
Diamantme    for     poUshing 

108,  126,  127 
,,            an  objection  to  127 
Diameter,   ratio  to  circum- 
ference        8 

Die  chuck,  to  make  . .         . .   197 

Dies  for  screw-making       . .  277 

,,      ,,   wheel-making       ..  392 

Dipleidoscope  ..         ..36 

Distributor 186 

Dividing  plate  ..         ..  249 

„       scales,  &c 28 

,,       table,micrometrical    28 

Division  plate  ..         ..  296 

„        „      on  mandril  . .  264 

„        ,,      substitutes  for  298 

Dome,  freedom  of    . .         . .  330 

Douzi^me  gauge      . .         . .   163 

Draw-plate 247 

Drawing,  geometrical         11,  21 
,,         mstruments       . .     16 
„         scales      ..         ..16 
„         to  reduce  a        . .     21 
Drawn  steel,  advantages  of       49 
Drifting        . .  246,  369,  468 

Drifts,  to  make        . .      376,  466 
Drill,  diamond  ..      112,139 

„    stock  for  mandril       ..  271 
Drilling  a  barrel-arbor       . .  377 
by  wheel    . .         . .  325 
enamel  dial  . .  437 

glass  ..         ..  463 

in  mandril         269,  270 
„  the  lathe  ..  210 

,,  turns     ..       199,  210 
lubricants  for      ..  437 
precautions  in  224,  231 
steel  spindle         . .   178 
tool,    to    test    ac- 
curacy of  . .  323 
, ,        with  diamond  pow- 
der         ..         ..   138 
Drills  for  oil-cups    . .         . .  230 
to  make           ..         ,.226 
,,  mount  diamond     ..   143 
&c.,  to  ByBtema.tize    . .  214 
various            ..         ..  223 
Driver  for  taper  arbors       . .   173 

Driving  pulley         219 

with  fly-wheel      ..  181 
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Duplex  ruby-roller,  to  make  143 

E. 

Edge,  angle  of  cutting  . .  206 
Elasticity  of  steel  . .  48,  61 
Electro-gilding  ..  ..98 
Elevation  defined  . .  . .  12 
Ellipse,  to  draw       . .         . .     26 

Emery  108 

„    paper,  to  make  . .  108 

,,    wheels  &  sticks         . .  108 

Enamel         130 

,,      xaise .  •         . .         , ,   132 
,,      to  apply  cold  ..   132 

,,      „  powder     ..         ..436 
„      ,,  remove  from  back 

of  dial  ..  ..439 
,,  dial,  to  cut  hole  in..  441 
„        „     „  drill  ..  437 

„        ,,      „  erase  figure 

from      ..  442 
„        It     tt  reduce  dia- 
meter of..  442 
,,        dials  fixed  by  feet  440 
i,  }}        a  by  screws  439 

,,  „  to  make         ..  436 

Endshake      332 

Endfltone,  to  fix       . .         . .  130 
,,  ,,  make  . .         . .  141 

Endstone  cap,  to  make       . .  433 
,,  „    ,,  polii^      ..  262 

Engine,  wheel-cutting  ..  294 
English  mandril  ..  ..  266 
,,  movement,  to  exa- 
mine ..  ..  344 
Enpaved  design,  to  transfer  14 
Epicydoidal  depths..  ..  411 
Equalling  file,  to  out  . .   160 

Erasing  figure  from  enamel 

dial 442 

Escapements 416 

,,  action  of       ..  332 

It         gauges  for    ..  410 
,,  play  of  pivots 

in    . .         . .  404 
, ,  to  examine  332, 346 

,,  ,,  measure 

angles  of    419 
))           ,,  oil  . .         . .  343 
Escape-wheel,  oUp  for  hold- 
ing  230 
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Escape-wheel,  to  test         . .  240 
yf        ff     cock  passage, 

to  turn      ..  274 
Essences  for  cleaning      107,  340 
Examining  watches  . .  328 

Excentric  runners    . .         . .   171 

Expansion     . .         . .         . .     84 

Extracting   broken    screws 

102,  248,  279 
Eyesight,  to  preserve         . .  144 


F. 


Face-plate 266 

Facing  pinions         . .      252,  398 
False  ruby    . .         . .         . .   133 

Feet  of  dial,  to  find  their 
position      . .         . .         . .  440 

Ferrule,  size  of        , .         . .  164 
Ferrules,  various      . .         . .  216 

Figure-of-8  calliper  . .   164 

File,  to  cut  equalUng  . .   160 

,,     ,,  round-up  teeth  with  321 
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use  of  ..  '  ..  147,  159 
Files,  Beaupuy  . .  . .  161 
,,  to  clean  ..  ..  169 
,,  ,,  renew  ..  ..  160 
,,      ,,   set  in  handles     ..   159 

Filing  flat 147 

,,  square  by  hand  ..  456 
Finger-piece,  to  make  . .  371 
«* Finished"  drills  ..  ..227 
Fixed  cutter,  turning  with     206 

Flat  filing 147 

,,       ,,    device  for  .,  151 

,,  i>olishing,  tool  for  ..  263 
Fletcher  furnaces  .,  ..  167 
Fly-wheel,  driving  with  181,  213 
Fluxes  for  soldering  . .     92 

Foot  fiy- wheel  . .  . .  185 
Fourth  wheel,  uprighting  of  335 
Fraise,  Ingold  . .         . .   319 

Freedom    of  various    parts 

330,  332,  344 
Frosted  surface  on  steel,  to 

produce 117 

Frosting  silver  dial . .         . .  444 

Furnace  temperatures,  table 
of    . .         . .         . .         . .     51 

Furnaces,  wind  and  muffle..  166 
I,  advantages  of       •   . .  386 
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Fusee  cutting  ..         ..  292 

to  adjust  . .  . .  387 
„  snail  ..  ..  118 
,,  trace  form  of  . .  386 
watch,  to  examine  . .  344 

Fusion,  points  of     . .  86,  88 
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Gauges  163 

,,  for  balance-springy  428 
,,  ,,  escapements  ..  419 
,,  ,,  screws,  &c.  . .  214 
„      movement,  table  of    462 

Geneva  mandril       . .         . .  255 
,,     movement,  to   exa- 
mine       ..         ...331 

Geometrical  drawing  11,  21 

,,  proportion      ..       6 

,,  ratio     . .         . .       6 

Geometry,  elements  of  prac- 
tical   . .         . .       7 
,,  importance  of  i,       I 

German  silver  . .         76,  86 

Gilding  97 

,,       bath,  to  prepare    ..     98 

Gilt  objects,  to  clean  . .  100 

Glasgow      on       polishing 
balance-springs    ..         ..  431 

Glass,  to  cement      . .         . .  128 

,,      ,,  cut. .         . .         . .  453 

„      „  drill  ..         ..453 

,,      use  of  ..         ..   144 

Glue,  application  of  . .  127 

Glycerine  and  alcohol  on  oil- 
stones         158 

Going  barrel,  to  make        . .  363 
,,        ,,        watch,  to  exa- 
mine        . .  331 

Gold 77,  86 

„    to  clean  . .         . .   100 

,,  ,,  deaden  surface  . .  101 
,,  ,,  prepare  in  powder  97 
,,  copper  alloys  . .  ,.  78 
,,  dials,  to  restore  . .  449 
,,    solders..         ..  89,  91 

,,    springs  ..        78,  432 

Graduation  of  scales,  &c.  . .     28 

Grain  of  steel  . .         . .     46 

Graining  prior  to  gilding  . .     99 
,,        steel         ,.         ••  117 
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Grammaire    ..         ..         ..  249 

Grayers,  diamond    . .         . .   112 

need  of  setting      . .  154 
to  mount  diamond. .  143 
use  of  . .         . .  161 

yarious         ..         ..  221 

Greenwich  time        . .         . .     32 

Grindstone    . .         . .         . .   158 

Grooye  for  barrel  coyer,  to 

make       . .         . .  363 

straiglit,  to  make  . .  274 
to  polish      . .         . .  381 

,,      ,,  turn         . .         . .  273 

Grossmann  on  use  of  alumi- 
nium bronze..     80 
„  „     use  of  sterzo    75 

Guard-piyot  centres  . .  170 

Guide  pulleys  . .         . .  186 

Guilmet*8  synchrometer     . .  353 


H. 

Hair-spring,     see   Balance- 
spring. 
Hammer  hardening. .          52,  68 
Hand-fitting  pliers . .         . .  238 
„     fly-wheel       ..         ..182 
„     holder 238 
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to  enlarge  hole  in     . .  242 

,,  set  in  position       . .  452 

turning  tools  ..  221 

Hands,  freedom  of  . .         . .  329 

to  blue  ..         ..62 

,,  redden      ..         ..  452 

„  tighten     ,.         ..  242 

Handles,  to  set  tools  in       . .   159 

Hard  steel,  to  drill  ..         ..  225 

,,       ,,       ,,  turn  . .         . .   153 

Hardeziing  brass      ..         ..69 

gold  spring      . .  432 

solutions  . .     55 

steel,  methods  of    55 

precautions 

in         ..     56 
tempera- 
ture for  47,58 
Hardness  of  jewela,  to  test     136 
,,  sceei     . .         .  •     4o 
relatiye,  of  jewels  133 
scale  of  .  •     87 

Heads,  to  make  lathe         . .  175 


11 

17 
11 
11 

11 


11 
It 
11 


11 


11 


91 


.19 
.19 


PAGE 

Headstock  lathe  ..  ..  195 
support  for  raising  204 
to  make  ..  ..  199 
Health,  preaeryation  of .  . .  144 
Heat,  mode  of  applying,  to 

temper  ..61 

,,    of  funmces,  table  of  . .     51 

Height  calliper        ..         ..  163 

Homogenei^  of  steel  . .     46 

Hone  slates 108 

Holder,  escape-wheel         . .  239 
,,      f or  watch-han^     ..  238 
Holes,  methods  of  tappmg. .  284 
Hollow  arbor,  to  make       . .  200 
barrel-arbor  ..  384 

chamfering  tools    ..  233 
,,      mandril        . .     177,  195 
Holtzapffelon  cutting  angles  206 
„         y,  joining    lathe 

bands        ..  191 

Hook,  chain,  to  liyet  ..  389 

„    to  fix  in  barrel  . .  365 

Hooks  for  catgut  bands      . .  192 

Hooked  fixed  turning  tool. .  205 

„      grayers        ..         ..  221 

Hours,  to  paint  on  dials     . .  450 

,,      wheel,  freedom  of  . .  331 

Hydrochloric  acid    . .         . .  101 

flux      for 
soldering    93 
Hydrofluoiio  acid     . .         . .  102 
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